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PREFACE. 


JjLaving  long  entertained  an  opinion ,  that 
the  laws  of  mechanics ,  relating  to  wheel  machines , 
moved  by  the  power  of  water,  are  the  leaf  under¬ 
food  of  any  ufeful  branch  of  learning  whatever ; 
and  that  nothing  fands  in  fo  much  need  of  a  re¬ 
form  as  mechanics,  both  as  to  theory  and  practice ; 
nothing  but  a  fenfe  of  my  zvant  of  abilities  to  ex- 
prefs  my  ideas  with  propriety ,  has  prevented  me 
from  offering  my  mite  towards  their  improvement . 

But  the  neceffity  of  a  clear  and  fmple  invefii- 
gation  of  thefe  lazoSy  has  at  laf  induced  me  to  un¬ 
dertake  the  tafk  ;  and  notwithfanding  the  many 
difadvantages  I  labour  under,  I  hope  I  fhall  be 
able  fo  to  elucidate  them  as  to  be  generally  under¬ 
food:  if  fo,  1  have  the  vanity  to  think,  that  I  ffiall 
fet  them  (efpecially  as  they  relate  to  machines  and 
engines  moved  by  the  power  of  water,)  in  a  clearer 
light  than  any  other  author  that  has  written  on  the 
fubjeEl ;  which  will  be  equally  to  the  benefit  of  the 
prattical  mechanic,  and  the  honour  of  the  fcience . 


ERRATA. 


Page  4.  L  21.  for  fream  r.  depth — P.  5. 1.  5.  after  velocity  add  by  the  fame 
power  and  rejflance — P.  10.  1.  27.  after  100  to  1  add  here  we  mujl  have  re- 
courfe  to  two  wheels — P.  11.  1.  7.  {or  a  foot  r.  2  feet — P.  12.  1.  6.  for  feconds 
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PART  I. 

Before  we  enter  on  the  main  objeft  of 
this  work,  it  is  neceffary  to  premife,  that  the 
mechanic,  if  he  would  arrive  at  any  eminence  in 
his  profeffion,  mu  ft  be  acquainted  with  the  com¬ 
mon  rules  of  arithmetic,  efpecially  with  propor¬ 
tion,  or,  as  it  is  generally  denominated,  the  rule 
of  three.  Alfo,  he  ought  to  know  fomething  of 
decimal  fractions,  for  it  is  impoffible  for  a  mill - 
wright  to  conftrubt  his  machines  judicioufty,  with¬ 
out  the  affiftance  of  thefe  neceffary  rules.  As 
there  is  great  room  for  improvement  in  the  con~ 
ftruftion  of  mills  and  machines,  I  can  affure  him, 
that  if  he  is  not  already  acquainted  with  the  ufe 
of  figures  to  the  extent  I  have  above-mentioned, 
it  will  amply  repay  him  immediately  to  make  the 
neceffary  acquirement ;  for  without  this  affiftance 
he  muft  depend  folely  on  the  dire&ion  of  others, 
and  too  probably  will  be  led  in  the  dark,  to  an 
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erroneous  conclulion,  as  thoufands  have  been 
before  him.  With  this  acquirement,  he  will  not 
only  be  able  to  conftrufl  for  himfelf,  but  to  form 
a  deliberate  and  judicious  opinion  on  the  works 
and  labours  of  others,  whether  authors  or  practical 
mechanics. 

As  I  propofe  to  inflmfl  young  mechanics,  it 
will  be  neceffary  to  explain  forne  abbreviations 
made  ufe  of  in  this  treatife.  Two  lines,  thus  zz 
lignify  equals  ;  a  crols  ><  is  the  fign  of  multipli¬ 
cation.  Example;  as  2  X  2  =4  ;  which  is  to  be 
read,  two  times  two  is  equal  to  four.  Alfo  in 
Hating  the  rule  of  proportion  ;  example ,  as  3  j  6 ; ; 
6  ♦  1  2  ;  which  is  to  be  read,  as  three  is  to  fix,  fo 
is  fix  to  twelve  ;  which  fignifies,  that  by  multiply¬ 
ing  the  fecond  and  third  numbers  together,  and 
dividing  the  produfl  by  the  firft  number,  the 
quotient,  or  the  laft  produft,  is  the  anfwer  re¬ 
quired  ;  as  may  be  further  proved  by  the  follow¬ 
ing  example;  as  2 14‘. 9+ 18,  and  as  5*3:;  10: 6; 
or,  as  6*9:  *.  4*6,  See. 

If  the  reader  knows  fome  little  of  geometry, 
it  will  be  an  advantage;  and  the  following  feems 
i’ufficient,  as  far  as  relates  to  wheel  machinery 
tire  outfide  of  a  circular  wheel  is  called  the  cir¬ 
cumference ;  and  a  ftraight  line  drawn  through  the 
centre,  is  called  the  diameter ;  and  half  the  di¬ 
ameter,  of  the  circle  or  wheel,  is  called  the  radius a 
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By  the  radiufes  of  the  feveral  wheels  in  any  ma¬ 
chine,  I  profefs  to  account  or  deduce  their  feveral 
effects. 


To  find  the  diameter  or  circumference  of  anv 

j 

circle  or  wheel,  when  either  is  given,  the  readied, 
way  is  to  ufe  i  for  the  diameter,  to  which  3,14  is 
the  circumference.  Example ;  let  the  diameter 
be  6,  then  as  1  ♦  6: ;  3,14;  18,84,  the  circumference 
required.  But  as  1  is  the  fird  term  in  the  pro¬ 
portion,  it  neither  multiplies  nor  divides ;  there¬ 
fore  by  multiplying  any  wheel’s  diameter  by  3,14, 
the  produbl  is  the  circumference;  and  by  dividing 
any  wheel’s  circumference  by  3,14,  the  quotient 
is  the  diameter.  Example;  let  the  diameter  be 
7,  then  7-4-3, 1 4=2  1,98  the  circumference.  If 
the  diameter  be  9,  then  9-4-3,14=128,26  the  cir¬ 
cumference.  If  15,7  be  the  circumference,  that 
divided  by  3, 1 4,  the  quotient  is  5,  the  diameter. 
If  25,12  is  the  circumference,  that  divided  by 
3,14,  the  quotient  is  8,  the  diameter  requeded  :  all 
which  is  fo  eafy,  that  more  examples  are  needlefs. 
I  know  not  that  any  more  of  geometry  is  abfo- 
lutely  neceffary,  in  accounting  for  the  laws  of 
machines ;  their  application  and  life  will  be  amply 
fhewn  in  the  following  pages. 

The  ratio,  or  proportional  increafe,  of  the  me¬ 
chanic  powers  may  be  deduced  from  the  lever, 
or  deelyard,  as  it  is  in  arithmetical  proportion, 
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as  1  j  2,  3,  4,  &c.  But  I  hold  that  neither  the 
lever  nor  fteelyard  aQs  truly,  as  a  mechanic  power, 
in  any  other  pofition  than  an  horizontal  one: 
hence  they  are  inapplicable  to  circular  motion  ; 
therefore  we  muft  have  recourfe  to  wheels,  to  fup- 
ply  their  defeff. 

A  wheel  of  one  foot  radius  is  of  general  ufe  in 
finding  the  proportions  and  effecls  of  all  wheel 
machines;  but  before  we  can  advance  to  calcu¬ 
lation,  we  muft  find  a  true  data  to  proceed  from, 
which  will  bear  the  proof  of  experience.  By 
finding  the  time  and  velocity  per  fecond  of  any 
certain  power,  and  the  weight  or  refiftance  upon  a 
one- foot  radius  wheel,  we  may  thereby  find  all  the 
poffible  effects  of  the  mechanic  powers,  by  the  rule 
of  proportion,  as  I  hope  clearly  to  make  appear. 

By  turning  a  ftream  of  water  on  a  one-foot 
radius  wheel,  fufficient  to  raife  a.  certain  weight, 
I  found,  when  the  wheel  had  attained  a  regular 
motion,  it  moved  with  the  velocity  of  3,14  feet 
per  fecond ;  and  by  doubling  the  ftream  of  water, 
it  raifed  the  fame  weight  6,28  feet  per  fecond. 
Thefe  data  I  conclude  are  true ;  as  nearly  fo  I 
believe  as  it  is  poffible  to  afcertain,  exclufive  of 
friftion,  which  in  thefe  cafes  was  very  little,  as 
three-quarters  of  an  ounce  will  move  the  wheel, 
although  its  weight  is  eleven  pounds  and  an  half. 
The  above  data,  and  the  one-foot  tadius  wheel,  is 


[  5  ] 

the  foundation  from  which  I  principally  deduce 
my  calculations. 

Before  I  proceed  farther,  it  is  proper  to  ac¬ 
quaint  the  reader,  that  all  wheels  move  with  the 
fame  velocity,  let  their  diameters  be  what  they 
may ;  and  the  only  difference  is,  that  large  wheels 
being  heavier  than  fmall  ones,  caufe  more  friction 
upon  the  centre ;  confequently  it  retards  their 
motion  in  proportion.  This  the  artificer  ought  to 
have  a  clear  i-dea  of,  as  it  is  an  effential  part  of  the 
laws  of  mechanics, as  may  be  proved  by  experiment. 

This  being  premifed,  we  will  fuppofe  when  the 
power  is  as  2  to  1,  the  one-foot  radius  wheel 

1 

moves  once  round  in  a  fecond,  —6,28  feet;  and 
as  all  wheels  move,  by  the  laws  of  nature,  with  the 
fame  number  of  feet  per  fecond,  this  one-foot 
radius  wheel  affords  us  an  eafy  rule  to  find  the 
velocity  of  any  other  wheel  per  fecond ;  alfo  the 
number  of  feconds  any  wheel  is  in  making  one 
revolution.  Thus,  as  one  foot  is  to  one  fecond, 
fo  is  two  feet  to  two  feconds : 

For  the  radiufes  being  .  2,  4,  6,  8,  Sec. 

The  time  of  1  revolution  is  1,  2,  3,  4,  See. 

If  we  proceed  by  diame¬ 
ters  of . 2,  3,  4,  5,  6,  Sec . 

The  time  will  increafe  by 

half-feconds,  as  .  .  1,1^,  2,  2^-,  3,  See . 
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Alfo,  by  reducing  the  circumference  of  the  one- 
foot  radius  wheel  into  inches,  the  product  will  be 
75,3 6 ;  and  by  dividing  that  by  the  diftance  we 
would  have  the  cogs  apart,  the  quotient  will  give 
the  number  of  cogs  the  circumference  will  con¬ 
tain.  I  prefume  3,8  inches  a  proper  diftance; 
then  75,36  divided  by  3,8,  the  quotient  is  20  very 
near.  So  that  the  one-foot  radius  wheel  will  con¬ 
tain  twenty  cogs,  at  3,8  inches  apart.  The  prac¬ 
tical  mechanic  may  fix  upon  any  other  diftance 
he  pleafes,  but  I  advife  him,  in  all  cafes,  to  make 
the  cogs  as  clofe  as  poffible,  fo  that  they  work  free 
of  each  other ;  as  then  they  will  work  truer,  wear 
lefs,  and  caufe  lefs  fridlion  in  rubbing  againft  eacii 
other.  Alfo,  as  a  one-foot  radius  is  to  twenty 
cogs,  or  rounds,  fo  is  any  other  wheel’s  radius  to 
the  number  of  cogs  it  will  contain,  at  the  fame 
diftance  apart.  Again,  as  twenty  cogs,  or  rounds, 
is  to  the  radius,  fo  is  the  number  of  cogs  to  any 
other  radius.  Thus,  fuppofe  we  want  a  trundle  of 
lixteen  rounds,  then,  as  twenty  rounds  is  to  12 
inches  radius,  fo  is  fixteen  to  the  radius  fought. 
Thus,  as  20;  12  *.  1  16*9,6  inches,  the  radius  that 
will  contain  fixteen  rounds  in  its  circumference, 
at  3,8  inches  apart ;  and  as  one  foot  radius  is  to 
its  circumference  6,28,  fo  is  any  other  wheel’s 
radius  to  its  circumference.  Example;  the  radius 
4  given,  as  1^6,28*4;:  12,56.  The  radius  being 
6,  then  as  1  \ 6,28; 5  6 *  18,84,  the  circumference. 
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By  the  foregoing  rules,  the  following  table  is 
calculated  : 
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It  muft  appear  evident  by  the  foregoing  rules, 
how  eafy  it  is  to  calculate  all  the  proportions  of 
wheels  by  the  help  of  this  one-foot  radius  wheel, 
for  as  its  radius  is  to  all  its  parts,  fb  is  any  other 
wheel’s  radius  to  the  parts  thereof:  and  as  any 
part  of  its  circumference  is  to  the  radius,  fo  is  any 
other  wheel’s  circumference  to  the  radius  thereof. 
And  I  doubt  not  but  I  fliall  be  able  to  demonftrate 
that  this  one-foot  radius  wheel  affords  us  as  eafy 
rules  to  find  the  effeQ  of  machines,  fimple  or 
compound,  as  it  does  to  calculate  the  proportions 
of  the  parts  of  wheels,  See. 
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Of  Simple  Circular  Levers . 


I  have  already  obferved*  that  wheels  are  the 
only  true  levers ;  and  I  fhall  account  **’for  the 
aftion  of  all  wheel  machines*  according  as  the 
train  of  the  wheels  confifts  of  one  or  more 
levers*  Sc c. 

A  windlafs  is  a  limple  mechanic  power,  and  is 
well  known,  as  it  is  frequently  made  ufe  of  to  draw 
water  out  of  wells*  and  for  feveral  other  purposes. 
Let  the  turn  of  the  handle  be  12  inches*  and  the 
cylinder  that  the  rope  winds  round  be  3  inches 
radius*  to  determine  the  weight  a  man  will  raife 
thereby*  by  applying  a  power  at  the  handle  equal 
to  30  lb.  This  conftitutes  a  lever  as  1 2  the  ra¬ 
dius  of  a  two-feet  diameter  circle  is  to  3  inches 
the  radius  of  the  cylinder.  The  rule  is*  to  divide 
12  by  3,  the  quotient  is  4 ;  which  fliews  that  the 
power  is  as  1  to  4  the  weight ;  and  by  multiplying 
the  power  by  4*  the  product  is  the  weight  that  the 
power  will  equal:  thus*  30-~[-4=i20»  If  the 
weight  120  lb.  had  been  given,  and  the  power  30 
to  raife  it,  the  general  rule  in  fuch  cafes*  when  the 
weight  and  power  are  given,  is  to  divide  the  weight 
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by  the  power,  and  the  quotient  gives  the  propor¬ 
tion  the  wheel  muft  be  to  the  axle,  as  x  is  to  that 
quotient.  Thus,  in  the  prefent  cafe,  the  weight  is 
120  lb.  divided  by  30  the  power,  the  quotient  is 
4 ;  which  (hews  the  wheel  muft  be  in  proportion 
to  the  axle  or  cylinder,  as  4  to  1 ;  and  agreeable 
to  the  weight  which  is  to  be  raifed,  the  mechanic 
muft  adjuft  his  axle  accordingly,  and  the  wheel  in 
proportion  to  the  axle,  &c. 

r  . .  f  v  r : '  -  *  r  ?  r  t 

/•  .;'//■  yu v«  -  'i  •  />  ;  .  ?tr  {,  ,  r  r  *  ,  r  \  [t  ;•  -  w-  . 

Example  2. — We  will  next  propofe  a  wheel  and 
axle  that  a  man,  by  applying  30  lb.  to  the  handle 
of  a  one-foot  radius,  will  raife  300  lb.  Firft  divide 
300  by  30,  the  quotient  is  10,  which  fhews  that  the 
radius  of  the  wheel  muft  be  to  the  radius  of  the  axle 

i 

as  10  to  1.  Note,  I  generally  make  one  foot  radius 
the  ftahdard  in  calculating,  which  in  this  cafe  is  two 
feet  diameter  ;  then  the  wheel  will  require  to  be 
20  feet  diameter,  or  the  axle  may  be  1  foot,  the 
wheel  10 ;  or  the  axle  may  be  6  inches  diameter; 
then  the  wheel  will  be  5  feet  diameter.  In  each 
of  thefe  proportions,  the  man  will  raife  the  weight 
in  the  fame  time,  and  nearly  with  as  much  eafe: 
but  it  is  the  judgement  of  a  mechanic  to  reduce 
the  axle  as  fmall  as  it  will  admit  of,  fo  it  is  fuf- 
ficient  to  fupport  the  weight ;  in  this  cafe  we  will 
fuppofe  6  inches  diameter  fufficient,  then  the  wheel 
muft  be  5  feet  diameter;  and  as  3  inches,  or  .25 
parts  of  a  foot,  is  to  2,5  feet,  fo  is  30  to  300  lb.  5 

c  , 


or  as  radius  3*30!  *  30*300  ;  that  is,  as  the  radius 
3  inches  is  to  the  radius  30  inches,  fo  is  30  ib. 
to  goolb.  Obferve,  I  diftinguifh  the  wheel,  or 
firft  mover,  in  all  cafes  as  the  firft  leader,  and  the 
axle the .  firii  follower  ;  and  if  there  are  two  or 
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more  levers  in  any  machine;;  I  call  the  firft,  where 
theypower  is  applied,  the  firft  leader  and  follower ; 
the.  fetond  lever  the  fecond  ,  leader  and  follower. 
See.  ;  by  which  I  afeertain  the  effeft  of  the  ma¬ 
chine  ;  all  which  will  be  better  underftood  when 


I  come  to  apply  them  tp  the  feveral  examples 


following. 


Hi,-- 


I  believe  wheels  are  generally  turned  by  (pokes 
in  the  circumference,  but  I  think  it  would  be 
more  convenient  to  have  cogs  round  the  wheel, 
and  to  be  turned  by  a  one-foot  radius  wheel,  fixed 
at  the  fide  of  the  wheel,  with  cogs  or  rounds  in 
it,  for  a  man  to  turn  it  by  ;  then  2,5  turns  of  this 
two-feet  wheel  will  turn  the  five-feet  wheel  once 
round ;  and  fuppofe  a  man  turns  the  one-foot 
handle  once  round  in  a  fecond,  he  will  turn  the 
great  wheel  once  round  in  2,5  feconds,  and  in  that 
time  raife  the  weight  1 8,84  inches. 

4el  ,  rmhf  i  •  -  ti  -  ii  ml  .  ml 

Example  3.— -Let  the  power  be  301b.  and  the 
weight  3000  lb.  by  dividing  3000  by  30,  the  quo¬ 
tient  is  100,  therefore  the  wheel  muft  be  in  pro¬ 
portion  as  100  to  i*  Firft,  we  muft  find  the  two 
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radiufes,  that  when  multiplied  together  their  pro- 
du&  may  be  Too;  thus,  io,X  tO=?tpo ;  fo  two 
wheels  multiplying  each  oth$r  will  produce  the 
fame  effeft  as  a  fmgle  wheel  of  200  feet  diameter, 
and  an  axle  of  2  feet  diameter.  '!  :  \ 

%  t  1 

The  wheels  having  cogs  for  a  man  to  turn  the 
fir  ft  or  leading  wheel,  by  a  foot  diameter,,  with  a 
handle  one  foot  in  the  turn,  as  I  have  already  ob« 
ferved,  this  leading  wheel  muff  have  a  one-foot 
radius  follower  upon  the  fame  axle,  fo  fixed  as 
to  turn  the  fecond  leading  wheel,  and  this  fecond 
leader’s  axle  alfo  one  foot  radius,  which  is  to  raife 
the  weight  by  a  rope  going  round  it.  The  rule  to 
find  the  effect  of  any  number  of  multiplying 
wheels  is,  to  multiply  all  the  leaders  into  one  fum, 
and  all  the  followers  together,  and  divide  the  fum 
of  the  leaders  by  the  fum  of  the  followers;  the 
quotient  is  the  long  end  of  the  lever;  and  the  pro¬ 
portion  of  the  power  is  to  the  proportion  of  the 
weight  as  1  is  to  that  quotient.  Thus,  in  the 
prefent  example,  the  two  leaders  are  10  each,  and 
10 X  io=nioo  ;  the  followers  being  each  one  foot 
radius,  neither  multiply  nor  divide,  therefore  the 
proportion  is  as  1  ♦  100: :  30  J  3000 ;  and  to  find 
the  velocity  for  any  fpace  or  time,  we  will  fuppofe 
the  man  to  turn  the  handle  once  round  in  2 
feconds,  the  velocity  will  be  3,14  feet  per  fecond. 
As  the  man  is  2  feconds  in  turning  the  handle  once 
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round,  the  proportion  is,  as  radius  1  is  to  radius 
100,  fo  is  2  feconds  to  200  feconds,  the  time  of 
one  revolution  ;  and  as  radius  100  is  to  200  fe¬ 
conds,  fo  is  3,14,  the  velocity  per  fecond,  to  6,28 
feet, the  fpace  the  weight  is  raifed  in  200  ieconds; 
and  as  1  fecond  is  to  3,14  feconds,  fo  is  200  feconds 
to  628  feet,  the  number  of  feet  the  handle  moves 
whilft  the  weight  is  raifed  6,28  feet.  By  adding  a 
third  multiplying  wheel  of  10  feet  radius,  then 
10X  tOX  10=1000  ;  here  the  long  end  of  the 
lever  is  as  1000  to  1,  and  by  adding  a  fourth  wheel 
of  the  fame  radius,  iox  *ox  1QX  10=10,000, 
the  long  end  of  the  lever  to  1  the  fhort  end ;  fo 
that  by  multiplying  wheels,  the  lever  may  be  in- 
creafed  almoft  ad  infinitum .  Hence  Archimedes" 
problem  is  not  only  poffible,  but  may  be  put  in 
I  practice :  and  no  doubt  he  had  this  in  view  when 
he  propofed  it ;  for  it  is  abfurd  to  fuppofe  that  fo 
great  a  mechanic  intended  a  long  pole  or  bar  to 
be  infinitely  extended. 

Here  we  may  obferve,  that  we  gain  no  velocity 
by  lengthening  the  ends  of  levers  ;  but  the  long 
end  has  invariably  the  fame  velocity  of  the  ba- 
lance;  and  whatever  velocity  the  moving  force 
and  refilling  force  gives  with  the  balance,  that  ve¬ 
locity  (let  it  be  6,28,3,14,  or  any  other  velocity) 
is  invariably  the  fame  at  the  increafed  end  of  the 
lever.  The  general  rule  to  find  the  velocity  of 
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the  fhorl:  end,  is  to  divide  the  velocity  found,  with 
the  balance  by  the  difference  of  the  ends  of  the 
lever,  and  the  quotient  is  the  velocity  of  the  fhort 
end:  for  inftance,  in  the  following  table  (p.  17), 
the  velocity  with  the  balance  is  6,28,  the  lever 
being  as  2  to  1  ;  by  dividing  6,28  by  2,  the  quo¬ 
tient  is  3,14,  the  velocity  of  the  fhort  end  ;  the 
lever  being  as  3  to  1,  6,28  divided  by  3,  gives 
2,0933,  the  velocity  of  the  fhort  end,  and  fo  of 
the  reft :  and  to  whatever  length  the  lever  is  ex¬ 
tended,  viz.  io,  100,  1000,  Sec.  this  rule  finds  the 

velocitv  of  the  fhort  end,  Sec. 

* 


Although  we  may  conftrufl  wheels.  Sec.  fo  that 
a  final!  power  may  equal  10,000  times  its  weight, 
yet  in  this  cafe  the  balance  is  equal  or  fuperior  ; 
as  a  man  by  a  two-feet  radius  wheel  would  raife 
the  10,000  lb.  in  the  fame  time,  with  as  much  or 
more  eafe,  were  the  weight  fo  circumflanced,  that 
it  might  be  railed  in  fmall  detached  parts,  as  a  coil 
of  rope,  Sec.  ;  but  as  few  fuch  cafes  will  occur, 
to  which  a  balance  can  apply,  we  mu  ft  have  re- 
courfe  to  levers  as  the  moft  convenient  method  to 
raife  a  great  weight  by  a  fmall  power ;  as,  for  in¬ 
ftance,  when  a  man  has  to  raife  a  weight  of  ten 
or  twenty  times  more  than  his  ftrength,  it  may  not 
only  be  neceffary  to  increafe,  but  to  multiply  the 
power,  as  is  the  cafe  at  wharfs  and  inns,  to  load 
and  unload  fhips,  waggons,  See .  therefore  it  may 
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be  proper  to  inform  the  reader  how  thole  fort  oi 
machines  are  conltruCted. 

The  machines  at  wharfs.  See.  generally  have 
their  wheels  made  of  iron,  which  admit  of  being 
contracted  much  more  than  wheels  made  of  wood; 
and  fmall  wheels  will  have  the  fame  effeCt  as  large 
ones,  if  in  the  fame  proportion ;  for  it  is  the  pro¬ 
portion,  and  not  the  largenefs  of  wheels  that  de¬ 
termines  the  effeCt ;  hence  all  machines  ought  to 
be  contracted  as  much  poffibie,  fo  that  no  part  be 
fo  fmall  as  to  cramp  the  movements  of  the  feveral 
parts  .—Experiment.  Let  the  handle  the  man  turns 
by  be  one  foot  radius,  and  a  nut  or  pinion  upon  the 
fame  axle  with  the  handle,  fuppofe  1,5  inches  (I 
think  one  inch  radius  is  too  fmall) ;  the  pinion  to 
turn  a  fecond  wheel  or  leader,  6  inches  radius,  and 
this  fecond  wheel’s  axle  to  have  a  cylinder  upon 
it,  for  the  rope  to  wind  round  3  inches  radius,  re¬ 
quired/the  effeCt  of  this  train  of  wheels,  by  a 
power  applied  at  the  handle  equal  to  30  lb.  The 
firit  leader  is  the  handle  12  inches,  the  fecond 
leader  6  inches,  6x  12=72  ;  the  firft  follower  is 
the  pinion  1,5  inches,  the  fecond  follower  is  3 
inches,  3  X  1 ,5=4,5,  and  72  divided  by  4,5,  the 
quotient  is  16;  therefore,  the  two  levers  reduced 
into  one,  the  long  end  is  16,  the  fhort  end  is  i ; 
that  is,  the  effeCt  of  thofe  wheels  is  in  proportion 
as  16  to  i,then  as  1  ♦  1.6: :  30*  4801b,  or  4,5^72 : 1 
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30  ♦  480  lb.  the  weight  a  man  may  raife  by  fuch  a 
machine.  Suppofe  another  wheel  is  added,  6 
inches  radios,  and  a  nut  or  pinion  1,5  inches  radius ; 
the  pinion  on  the  fame  axle  with  the  handle  turning 
the  fecond  wheel ;  this  fecond  wheel’s  axle  having  a 
pinion  on  it  that  turns  the  third  wheel;  this  third 
wheel  with  a  cylinder  on  it  for  the  rope  to  wind 
round  3  inches  radius;  required  the  effeft  of  thefe 
three  compound  levers.  To  reduce  them  to  a 
fingle  lever: — the  levers  are  12x^x6=432; 
followers  are  1,5  x  i>5  X  3=6,75,  and  432  divided 
by  6,75,  the  quotient  is  64  ;  fo  that  the  effe£l  of  the 
three  levers,  when  reduced  into  one,  is  as  64  to  1 ; 
therefore,  as  1  ^64: *  30;  1920  lb. ;  or  as  6,75*432 
•  •  3°t  1920,  the  weight  which  30  lb.  at  the  handle 
will  be  equal  to  :  and  to  determine  the  time  a  man 
will  raife  the  weight  any  number  of  feet  per  fecond, 
we  muft  fix  upon  a  certain  velocity  of  the  power 
per  fecond.  If  a  man  turns  a  two-feet  wheel 
once  round  in  a  fecond,  the  velocity  will  be  6,2 $ 
feet  in  that  time  ;  but  this  is  too  quick  a  motion, 
for  a  man  to  continue  for  any  confiderable  length 
of  time,  therefore  by  turning  the  handle  once 
round  in  two  feconds,  it  will  be  at  the  rate  of  3,14 
feet  in  one  fecond,  which  feems  the  molt  proper 
velocity  for  a  man  to  maintain.  Then,  as  in  the 
laft  three  levers,  when  reduced  into  one,  the  pro¬ 
portion  was  as  64  to  1  ;  therefore,  as  radius  64*1 
1 3, r  4>  the  velocity  of  the  power,  to  .049  parts  of 
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a  foot,  or  .588  parts  of  an  inch,  in  one  fecond. 
Hence  multiplying  the  weight  fo  much  more 
than  the  power  is  of  Little  ufe ;  and  I  hold,  that 
either  to  increafe  the  power,  or  weight  to  be  raifed, 
ought  never  to  be  complied  with,  but  when  the  ne- 
ceffity  of  the  cafe  abfolutely  requires  it. 

,  d  ,  e:-;  "  .  1-  '  ■>  f -* ./ 

If  by  experiment,  or  otherwife,  we  know  the 
power  and  velocity  by  the  balance,  we  may  thereby 
find  the  velocity  of  the  fhort  end  of  the  lever, 
when  one  end  is  increafed  2,  3,  4,  Sec.  whilft  the 
other  end  remains  the  fame. — ■ Example  ;  let  A,  in 
the  following  table,  remain  the  fame,  and  B  be 
increafed  2,  3,  4,  Sec.  ;  in  this  cafe,  B  will  have 
invariably  the  fame  velocity,  and  by  ^dding  2,  3, 
and  4  times  the  weight  at  A,  its  velocity  will  de- 
*  creafe  2,  3,  and  4  times ;  therefore,  by  lengthening 
the  end  of  the  lever  2,  3,  and  4  times,  the  lofs  of 
velocity  is  exaflly  equivalent  to  the  weight  gained. 
This  is  a  general  law  of  levers,  Sec.  When  A 
and  B  is  a  balance,  then  we  fuppofe  the  velocity 
will  be  6,28  feet  per  fecond.  Suppofe  a  man  by 
turning  a  one-foot  handle  apply  a  power  of  30  lb. 
and  the  weight  at  A  151b,  we  will  call  the  power 
at  the  handle  B. — -The  weight  and  velocity  will  be 
fhewn  by  the  following  table : 
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7 

7 

w. 

p. 

Velocity 
of  A. 

Velocity 
of  B. 

The  firft  column  in 
this  table,  is  the  radius 
of  the  axle  A. — The 
fecond,  is  the  increaling 
radius  of  B.— The  third 
the  increaling  weights 
to  balance  the  increafe 
of  the  radius  of  B. — - 

1 

1 

15 

0 

CO 

6,2  8 

6,28 

1 

2 

3° 

30 

3,M 

6,28 

1 

3 

45 

30 

CO 

0 

CM 

6,2  8 

1 

4 

60 

30 

1>57 

6,2  8 

Fourth,  the  power  ap¬ 
plied  at  B. — Fifth,  the 
decreafing  velocity  of 
A. — Sixth,  the  invari¬ 
able  velocity  of  B. 

1 

50 

750 

30 

0,1256 

6,2  8 

1 

do 

900 

0 

CO 

vo 

0 

tH 

O 

6,2  8 

In  the  foregoing  table  I  chofe  to  take  the  ex¬ 
ample  from  a*man  turning  a  handle,  that  it  may  be 
clearly  underhood.  To  explain  the  various  ef» 
fefls  contained  therein,  it  may  be  neceffary  to  ob~ 
ferve,  we  fuppofe  the  man  turns  the  different  radius 
wheels  of  B  by  a  wheel  of  one-foot  radius  once 

round  in  a  fecond,  which  is  equal  to  6,28  feet; 

- 

this  velocity  is  the  flandard  meafure  of  all  the 
proportions.  This  will  be  more  clearly  explained 
by  the  following  flatements.  The  feveral  propor¬ 
tions  are,  as  the  radius  of  B  is  to  its  velocity,  fo 
is  1  to  the  velocity  of  A. 

Thus  (when  the  ends  are  a  balance)  as  radius 
1  ;6,28::  1  *6,28 
2:6,2  8::  1:3,14 


D 
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3:6,28::  1:2,093 
4:6,28::  1 : 1,57 
50}  6,28:  :  1  *0,12 56 
|  60^6,28^.;  1  ♦0,104.6.  I 

This  I  hold  is  the  true  law  of  wheels*  axles,  levers* 
& c.  and  will  bear  the  proof  of  experiment. 

It  is  common  to  fay,  that  a  lever  is  as  2  to  1, 
3  to  l,  & c,  ;  and*that  the  lqng  end  has  two  and 
three  times  the  velocity  of  the  fhort  end  ;  which 

j 

is  true  :  but  to  fuppofe  that  the  long  end  increafes 
its  velocity  in  the  lead,  by  increafing  its  length 
(which,  I  believe,  is  the  general  opinion  of  me- 
ehanics)  is  a  mod;  notorious  mifiake ;  it  is  the 
fhort  end  only  that  decreales  its  Tvelo city,  the 
longed  radius  in  all  cafes  reprefents  the  balance, 
which  bounds  the  limit  of  velocity.  If  we  gain 
velocity  by  lengthening  the  radius  of  wheels,  &c. 
we  gain  power,  for  gaining  velocity  is  in  fa6t  gain¬ 
ing  power,  which  is  impoffible.  It  is  faid,  as  a 
maxim  in  mechanics,  that  in  gaining  power  we 
lofe  time,  and  in  gaining  time  we  lofe  power.  The 
term  gaining  power  fhould  be  excluded  from  all 
treatifes  of  mechanics  ;  it  conveys  a  falfe  idea, 
and  it  is  by  this  idea  that  many  miftakes  are  com¬ 
mitted.  I  will  fubftitute  a  maxim  in  the  place  of 
the  above  which,  I  prefume,  is  better  (hi ted  to  con¬ 
vey  the  true  idea,  viz. — what  is  gained  in  weight 
or  refiftance  is  loft  in  velocity  ;  and  what  is  gained 
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in  velocity  is  loft  in  weight.  It  may  be  feen,  in 
the  foregoing  table,  that  this  maxim  only  applies 
to  the  weight  A,  the  power  at  B  is  invariably 
the  fame. 

*  * 

Several  authors  make  a  parade  of  finding  max- 
imums,  or  the  greatefl  advantage  poffible.  In  all 
cafes  of  wheels  and  axles,  if  the  weight  and  power 
are  given  (which  is  generally  the  cafe),  by  divid¬ 
ing  the  weight  by  the  power,  the  quotient  is  the 
proportion  of  the  wheel,  as  that  quotient  is  to  one; 
and  this  rule  generally  determines  the  maximum, 
or  greateft  advantage ;  which  I  have  already 
explained. 


/  ;  -  <  >  * '  '•*  • ; 
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PART  II. 


Of  Water  Jlowing  through  Apertures  at  different 
Depths  from  the- Surface;  and  its  ABion  on 
Wheel  Machines ,  &c . 


Eminent  men  in  all  ages  have  tried  many 
experiments  to  afcertain  the  quantity  and  velocity 
of  water  flowing  out  at  apertures,  at  different  depths 
from  the  furface  ;  but  fcarce  two  of  them  agree, 
which  fhews  the  difficulties  attending  it:  and  various 
are  the  opinions  of  water  acting  upon  wheels;  many 
of  which,  I  prefume,  are  not  only  inconfiftent, 
but  abfurd.  But  vague  opinions  prove  nothing, 
I  will,  therefore,  proceed  to  defcribe  the  experi¬ 
ments  I  have  made,  and  the  deductions  I  have 

drawn  from  them. 

%  v 

In  order  to  prove  by  experiment,  whether  I  was 
right  in  my  conje&ures  of  the  water  aCting  upon 
wheels,  I  caufed  a  wheel  to  be  made,  the  dimen- 
fions  of  which  were  as  follow  : — the  inffde  of  the 
rim  i  foot  10  inches  diameter,  and  from  out  to 


©ait  fomething  above  2  feet  1,5" inches;  therefore 
the  rim  was  full  3  inches  deep:  the  float  boards 
all  pointed  to  the  centre,  which  is  of  more  advan¬ 
tage  than  if  they  inclined  to  the  wheel,  as  the  water 
would  then  have  druck  them  more  oblique,  whereas 
when  they  point  to  the  centre  the  water  drikes 
them  nearer  to  a  right  angle :  there  are  24  floats 
round  the  wheel,  which  I  think  are  too  many,  and 
that  i  8  or  20  would  have  been  of  more  advantage, 
as  they  cut  the  dream  of  water  too  much.  I  had 
a  circular  channel  made,  to  fit  one  quarter  of  the 
wheel,  from  the  horizontal  arm  to  the  bottom, 
fo  as  to  enclofe  one  quarter  of  the  wheel,  to  keep 
the  water  in  the  buckets  clofe.  The  wheel  moved 
on  points  or  centres,  therefore  the  friftion  was  fo 
little  as  not  to  be  regarded.  The  rim  of  the  wheel 
was  3  inches,  and  a  channel  of  the  fame  width 
conveyed  the  water  to  the  wheel,  through  a  fquare 
hole  at  its  bottom ;  the  water  through  this  hole 
was  fo  difpofed  as  to  direfl  the  dream,  as  near  as 
podible,  to  drike  the  middle  of  the  floats,  at  the 
horizontal  bucket.  This  channel  that  conveys 
the  water  to  the  wheel  mud  be  placed  fome  height 
above  the  centre  of  the  wheel ;  at  the  other 
end  of  the  channel  was  a  box  of  about  9  inches, 
fquare  to  pour  the  water  into. 

The  wheel  being  fixed  where  there  was  a  per¬ 
pendicular  defcent  of  10  feet,  I  caufed  two  men 
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to  attend  with  water  to  {’apply  it  therewith. — Note> 
the  fquare  hole  was  the  width  of  the  wheel,  i.  e. 
3  inches  and  1,15  broad,  as  near  as  I  could  deter¬ 
mine,  the  area  of  which  is  3,45  inches,  equal  to 
2  ounces  of  water :  the  axle  of  the  wheel  was  1 
inch  radius,  and  the  wheel  being  a  one-foot  radius, 
confequently  it  was  as  12  to  1.  I  fixed  a  fmall 
cord  to  the  axle,  and  a  weight  of  36  ounces 
thereto,  and  the  men  pouring  water  into  the  afore- 
faid  box,  the  weight  was  raifed  10  feet  in  25 
feconds.  I  repeated  the  experiment,  and  defired 
the  men  to  fupply  the  wheel  quicker  with  water; 
but  the  weight  was  not  raifed  10  feet  one  fecond 
fooner  than  before  :  and  I  now  found,  that  this 
method  of  fupply ing  the  wheel  would  not  deter¬ 
mine  the  effedt  of  water  upon  wheels,  as  I  ob- 
ferved  it  moved  fometimes  quicker  and  fometimes 
flower.  I  was  now  at  a  lofs  how  to  proceed,  as 
there  is  neither  a  running  ft  ream,  nor  other  body 
of  water,  for  miles ;  but  I  bethought  me  of  a 
method  which  anfwered  my  purpofe  better  than  I 
could  have  expected;  which  was,  by  cutting  a  hole 
at  one  head  of  a  17-gallon  cafk,  about  4  inches 
fquare,  and  fitting  a  plug  thereto ;  and  by  filling 
this  calk  with  water,  putting  in  the  plug,  and  turn¬ 
ing  it  downwards  into  a  tub  full  of  water,  with  a 
channel  from  this  tub  to  diredl  it  to  the  wheel, 
which  channel  I  flopped  till  I  was  ready  to  let  the 
water  upon  the  wheel ;  and  by  raifing  the  water 
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in  the  cafk  higher  or  lower,  I  could  make  the 
water  in  the  channel  that  conveyed  it  to  the 
wheel  at  any  height  I  pleafed  ;  and  I  fixed  upon 
1,  2,  and  4  inches  depth,  they  being  in  duplicate 
ratio  to  each  other,  that  I  might  thereby  determine 
the  proportion.  I  firlt  caufed  the  water  to  Hand 
at  i  inch  depth,  took  out  the  plug,  fixed  a  weight 
of  9  ounces  to  be  raifed  at  the  axle,  and  let  the 
water  upon  the  wheel :  it  raifed  the  weight  10  feet 
in  19  feconds.  I  then  fet  the  water  at  2  inches 
depth,  and  applied  a  weight  of  18  ounces,  and  this 
the  wheel  raifed  in  19  feconds.  I  then  caufed  the 
water  to  Hand  at  4  inches  depth  before  I  let  it  on 
the  wheel,  which  now  raifed  36  ounces  the  fame 
diftance  in  exaflly  the  fame  time.  I  repeated  the 
experiments  feveral  times  with  equal  fuccefs :  when 
thefe  were  made,  1  ufed  the  circular  channel  to 
keep  the, water  clofe  to  one  quarter  of  the  wheel ; 

I  then  took  it  off,  and  repeated  the  fame  experi¬ 
ments  with  the  naked  wheel,  and  the  refult  was 
exactly  the  fame,  there  being, not  one-half  of  a 
lecond  difference  in  19.  This  demonftrates  that 
the  weight  of  water  in  the  buckets  contributes  not 
a  jot  towards  moving  the  refiftance ;  but  that  the 
wheel  is  wholly  influenced  by  the  momentary  im~ 
pulfe  and  weight  of  the  water  at  its  horizontal  * 
arm,  when  the  velocity  is  6,28  feet  per  fecond  :  and 
as  a  dead  weight  can  onlv  a6i  at  the  horizontal  arm 
of  a  wheel,  it  is  evident  that  water  does  the  fame. ' 
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I  made  a  fourth  experiment,  by  increafing  the 
weight  from  36  to  72  ounces-,  which  I  fuppofed 
would  equal  the  weight  and  impulfe  of  the  water  at 
4  inches  depth:  the  wheel  railed  this  weight  with 
the  velocity  of  3,14  feet  per  fecond.  Thus  the  fore¬ 
going  theory  is  proved  by  experiment,  i.e. that  when 
the  impulfe  and  weight  of  water  is  equal  to  the  re¬ 
finance  or  weight  to  be  raifed,  the  velocity  is  3,14 
feet  per  fecond,  and  when  the  impulfe  and  weight  of 
water  is  double  the  weight,  the  velocity  is  6,28  feet 
per  fecond.  Hence  we  deduce  the  increafe  and 
decreafe  of  the  mechanic  powers,  according  to  the 
proportion  of  the  power  to  the  weight,  Sec.  As 
3,14  is  the  velocity  of  1,  or  the  balance,  bv  mul¬ 
tiplying  3,14  by  2,  3,  4,  Sec.  the  product  is  the 

velocity;  thus,  3,14x2=6,28.  3T4X3— 9>42* 

But  all  velocities  above  6,28 
feet  per  fecond  will  fall  fhort  of  the  computed  im¬ 
pediments  of  the  laws  of  nature,  Sec. 

That  this  is  the  true  law  by  which  water  abts 
upon  wheels,  I  have  not  the  lead  doubt ;  and  by 
finding  the  velocity  of  a  wheel  with  a  foot  deep 
of  water,  and  144  fquare  inches  area,  whatever 
velocity  this  body  of  water  may  give  to  the  wheel, 
with  a  certain  weight  or  refiftance  oppofed  thereto, 
twice  the  depth  will  give  the  fame  velocity  to 
twice  the  refiftance ;  and  three  feet  deep,  through 
the  fame  aperture,  will  give  the  fame  velocity  to 
three  times  the  refiftance,  Sec. 
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From  hence  we  deduce  that  the  fame  law  which 
governs  the  mechanic  powers,  governs  the  flowing 
of  water  through  apertures  at  different  depths  from 
the  furfaee,  neither  of  which  is  governed  by  the 
laws  of  falling  bodies  in  free  fpace.  This  might 
be  proved  by  experiments  with  a  wheel  and  a  fuit- 
able  dream  of  water.  But  when  we  have  found 
the  velocity  of  the  wheel  per  fecond,  this  will  not 
determine  the  effeft,  or  momentum  of  the  water 
that  is  employed  to  move  the  wheel :  I  fhall  prove 
prefently,  that  the  water  a£ls  but  a  very  fmail  fpace 
of  a  fecond  upon  the  wheel,  when  it  moves  with 
4,  5,  or  6  feet  per  fecond. 

In  order  to  find  the  effeft:  of  the  water  in 
turning  the  wheel,  I  weighed  and  meafured  it, 
and  found  the  caflc  I  made  ufe  of  contained  4794 
fquare  inches :  and  from  the  experiments  I  have 
made,  may  be  drawn  inferences  of  the  greateft 
importance,  concerning  the  flowing  of  water 
through  apertures,  at  different  depths  from  the  fur- 
face  of  a  pond,  refervoir,  &c.  as  alfo  its  effects 
upon  wheels. 

By  experiment  I  found  the  area  at  i  inch 
depth,  through  a  fquare  hole  3  inches  wide  and 
1,15  inch  broad,  equal  to  3,45  fquare  inches;  the 
ftream  of  water  was  ,530122;  and  as  3,45  >  1 !  T 
,530122  *  ,15339,  area  a  ftream  of  water  that 

E 
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will  flow  through  a  hole  1  inch  fquare,  the  depth 
being  i  inch  from  the  fur  face. 

This  1  inch  area  gives  us  an  eafy  rule  to  find 
the  area  when  the  area  of  an  aperture  is  given. 

»  ,  .  •  i  j  i  .  •  ....  f  '  if  t  /  —  A  /*'■.  ,***  j  .  J  »  ;  f  -  *  f.  ,  f 

.  .‘—Multiply  the  number  of  fquare  inches, 
contained  in  the  orifice  given  by  the  area  ,15339, 
the  product  is  the  area  flowing  out  at  the  aperture* 
when  the  depth  is  1  inch  ;  this  product  multiplied 
by  any  propofed  depth,  gives  the  area  of  the  flow¬ 
ing  ft  ream  at  that  depth.  Example  ift:  Let 
the  area  be  1  inch  and  the  depth  9  inches*  then 
s15339X 9=  1 ,3805  inch,  the  area  flowing  out  of 
a  1-inch  fquare  hole  9  inches  below  the  furface. 
Example  2d:  Let  the  area  be  3,456,  and  the 
depth  4  inches,  as  in  the  third  experiment,  then 
>x5339X 3T56— >58°122>  the  area  at  1  inch  deep, 
and  ,53  x  4=2,i  2  the  area  of  the  ftream  of  water 
conftantly  flowing  out  at  the  aperture,  4  inches 
from  the  furface.  Example  3d:  Given  the  aper¬ 
ture  6  fquare  inches,  the  depth  12  inches,  ,15339 
X  6=, 92034,  and  ,92034X12=11,04408,  the 
area  conftantly  flowing  through  a  6-inch  hole,  12 
inches  below  the  furface.  Example  4th :  The 
area  1  foot  fquare,  or  144  fquare  inches,  ,15339X 
144=22,088,  which  being  multiplied  by  any  num¬ 
ber  of  inches,  fuppofe  12,  22,o88x  12=265,056, 
the  area  of  the  flowing  water.  Example  5th:  Let 
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the  area  be  the  fame  as  the  laft,  and  the  depth  6 
feet,  in  the  laft  example  the  area  is  found  to  be 
265,056,  and  265X6  the  produfl  is  1590,336 
fquare  inches ;  the  area  of  the  flowing  water 
through  an  aperture  144  fquare  inches,  and  6 
feet  below  the  furface. 

By  the  fame  rule  may  be  found  the  quantity,  or 
area,  of  a  column  of  water  flowing  out  at  any 
given  depth  and  opening  from  the  furface. 

By  dividing  the  number  of  fquare  inches  iffuing 
out  of  any  aperture  by  .1,728,  the  quotient  is  the 
number  of  ounces,  which  divided  by  16  gives  the 
number  of  pounds.  Thus,  in  the  5th  example, 
the  area  is  144  fquare  inches,  and  6  feet  deep, 
the  area  or  column  of  water  confiantly  flowing 
out  at  the  aperture  is  1590,336  fquare  inches; 
and  I  find  by  experiment  the  implufe  and  weight 
of  water  upon  a  wheel  is  nearly  equal  to  4,89 
times  the  column  of  water;  and  1590,336x4*89, 
the  produfii  is  7776,743,  which  divided  by  1,728, 
the  weight  of  1  ounce  of  water,  the  quotient  is 
4494,6,  this  fum  divided  by  16,  the  quotient  is 
280,9  pounds,  the  weight  and  impulfe  of  the  flow¬ 
ing  water  upon  wheels.  *  By  the  fame  procefs 
may  be  found  the  impulfe  and  weight  of  water 
afifing  upon  wheels  of  any  other  depth  and 
apertures,  Sc c. 


I  have  many  years  been  clearly  of  opinion,  that 
the  aBion  of  water  upon  wheels,  was  but  of  fhort 
duration,  and  might  be  properly  faid  to  aB  by 
momentary  impulfes  ;  but  I  ever  defpaired  to  find 
it  out  by  rule,  till  I  made  a  few  experiments ;  by 
which  I  find  the  time  of  its  aBion  upon  a  wheel 
is  limitted  to  fomething  lefs  than  5-60  of  a  fecond. 
I  aifo  find  in  the  area  of  water  flowing  through 
apertures,  that  the  colum  of  water  only  fills  a  pro- 
poitionaal  part  of  the  area,  till  it  is  6,52  inches 
deep,  when  the  column  of  water  and  area  of  the 
aperture  become  equal,  and  at  about  13  inches 
deep  the  column  becomes  double,  and  at  iq-|  inches 
deep  the  column  is  three  times  the  area  of  the  aper¬ 
ture,  Se c.  What  will  the  learned  critics  fay  to 
this  new  doBrine,  fo  widely  different  from  any 
eftablifhed  theory  ?  So  different, that  I  can  fcarcely 
truft  my  own  conclufions,  as  it  feems  aim  oft  im- 
poflible  that  fo  many  eminent  men,  by  almoft  in¬ 
numerable  experiments,  fhould  none  of  them  hit 
upon  the  true  law  of  flowing  water  at  different 
depths  from  the  furface,  See.  It  feems  to  me,  they 
were  all  milled  by  conceiving  that  the  fame  law 
which  governs  falling  bodies,  alfo  governs  the  flow¬ 
ing  of  water  at  different  depths  from  the  furface 
of  ponds,  See. ;  and  rather  than  endeavour  to  find 
out  any  other  law  to  account  for  it,  tacitly  believed 
it  was  the  fame,  and  therefore  endeavoured  to  find 
out  plaufible  reafons  to  account  for  the  great  dif- 
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Terence  between  theory  and  experiments;  not 
confidering  it  is  fcarce  poffible  there  fhould  be  fo 
great  a  difproportion  as  5  to  8,  between  experi¬ 
ments  and  true  theory. 

I  find  by  the  experiments  I  have  made,  that  the 
progreflive  increafe  of  water  flowing  out  at  aper¬ 
tures,  at  different  depths,  is  not  according  to  the 
fquare  root  of  the  depths,  but  at  1  inch  a  certain 
quantity,  at  2  inches  twice  that  quantity,  at  3  inches 
three  times  that  quantity,  and  fo  increafing  in  arith¬ 
metical  progreflion  to  any  depth  propofed,  as  I 
have  fhewn  in  the  foregoing  examples. 

This  law  feems  more  conflftent  with  found  rea- 
fon,  than  to  fuppofe  that  water  is  governed  by  the 
fame  laws  as  falling  bodies  in  the  air;  we  will  allow 
that  it  flows  towards  the  openings,  or  apertures, 
in  a  perpendicular  direbtion,  but  it  has  to  make  its 
way  through  a  much  groffer  fluid  than  air,  confe-  1 
quently  muff  meet  with  a  proportionable  ob- 
ftruction 

It  is  alfo  agreeable  to  found  reafoning  that  it  in- 
creafes  according  to  the  foregoing  ratio.  What 
is  the  caufe  of  its  increafing  quantity,  according 
to  the  increafe  of  depth,  but  the  additional  preffure 
of  the  water  above?  And  is  not  this  increafe  of 
preffure  uniform,  viz.  1  foot,  2  feet,  3  feet,  See .  ? 
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And  is  it  not  confonant  to  reafon,  that  an  equal 
uniform  increafe  of  preflure  fhould  caufe  an  uni¬ 
form  inereafe  of  quantity  flowing,  Sec.  ?  This,  in 
my  opinion,  has  much  more  probability  in  its 
favour,  than  that  the  laws  of  accelerated  motion 
fhould  influence  the  flowing  of  water  at  differ¬ 
ent  depths. 

The  experiments  I  have  made,  plainly  indicate 
that  the  velocity  is  the  fame  at  all  depths,  viz,  6,28 
feet  per  fecond.  To  prove  from  thefe  experi¬ 
ments  that  the  velocity  of  water  is  the  fame, 
through  equal  apertures,  let  the  depth  be  what  it 
may;  and  that  it  is  not  the  length  of  the  column 
of  flowing  water,  but  the  area  of  the  column  which 
increafes  according  to  the  depth. 

Example  iff.  The  area  of  the  aperture,  in  all 
the  experiments,  was  3,45  fquare  inches ;  in  this 
cafe  the  depth  of  water  1  inch,  the  quantity  was 
4794  fquare  inches,  the  time  of  its  running  out 
120  feconds.  The  area  found  by  the  foregoing 
rule  is  ,530122  fquare  inches,  75,3 6  inches  (the 
number  contained  in  6,28  feet)  multiplied  by 
,530122  the  product  is  39>94992392,  from  which 
we  may  conclude,  that  the  4  in  the  hundred  parts 
may  be  effimated  as  5,  the  fum  will  be  39,95  ;  and 
39,95  X  120,  the  number  of  feconds  the  water  was 
in  running  out,  the  produft  is  4794,  the  exabt 
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quantity  of  water  run  out :  hence  it  is  an  incon- 
tellable  proof,  that  the  water  flowed  out  of  the 
aperture  6,28  feet  per  fecond. 

*  lit-  .!•.*'  .  :  .  4  .*  <  J  ' 

In  the  2d  experiment  the  water  was  2  inches 
deep,  the  time  of  running  out  60  feconds,the  area 
of  the  running  dream,  found  by  the  foregoing  rule, 
is  1,060244;  i ,060244  x  75,36,  the  product  is 
79,89998784,  the  fquare  inches  per  fecond  ;  this 
fum  multiplied  by  60,  the  number  of  feconds  it 
was  in  running  out,  the  produbt  is  4793,9992704. 
Noie>  it  is  of  no  ufe  to  run  fuch  great  lengths  into 
decimals,  becaufe  our  fenfes  cannot  diflinguifh 
fuch  minute  parts ;  hence  I  fhall  only  take  the 
hundred  parts  in  future  calculations,  except  the 
third  decimal  is  above  5,  which  I  think  is  fuf- 
ficiently  exabl,  except  in  exceeding  nice  calcula¬ 
tions,  which  I  think  this  fubjebl  does  not  require. 

.1  ,.l  'iii.: : :  ..  n  ,  '  ..a  SiL 

Experiment  3d.  The  depth  of  water  4  inches, 
the  area  is  found  to  be  2,12  of  flowing  water,  the 
time  of  4794  inches  running  out  30  feconds : 
75,36x2, 12  the  produbi  is  159,7632,  the  fquare 
column  of  flowing  water  159*7632x30  the  pro¬ 
duct:  is  4792,896.  Here  the  quantity  falls  fhort 
above  a  fquare  inch:  this  does  not  invalidate  the 

■  -  ft..  .  / 

truth  of  the  rule,  as  it  is  owing  to  the  imperfebt- 
nefs  of  decimals. 
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I  made  a  fourth  experiment,  which  affords  fome-* 
thing  very  lingular  from  the  foregoing :  the  water 
was  at  the  fame  depth  as  in  the  third  experiment, 
viz.  4  inches,  and  the  refiftance  in  that  cafe  was 
36  ounces;  but  in  this  it  was  72  ounces,  fuppofed 
to  be  equal  to  the  impulfe  and  weight  of  water 
flowing  when  the  water  is  at  4  inches.  This  im¬ 
pulfe  and  weight  of  flowing  water  being  only 
equal  on  a  balance  to  the  refilling  weight,  it  there¬ 
fore  collets  in  the  channel  that  conveys  the  water 
to  the  wheel,  till  it  overcomes  the  refiftance,  and 
rifes  nearly  to  double  the  height  to  what  it  was  in 
the  channel  in  the  third  experiment ;  when  the 
motion  of  the  wheel  becomes  regular,  its  velocity 
is  3,14  feet  per  fecond. ;  but  the  velocity  of  the 
flowing  water  was  6,28  feet  per  fecond,  as  is  proved 
by  the  following  calculation firft,  it  is  to  be 
noted,  that  the  water  rifes  twice  the  height  in  the 
channel  to  what  it  was  when  the  refiftance  is  but 
half ;  hence  it  is  equal  in  prelfure,  as  if  the  water 
were  8  inches  deep,  the  area  of  the  flowing  water 
is  4,24:  4,24  X  75i3^>  the  product  is  319,5264, 
which  multiplied  by  15  feconds,  the  time  the  4794 
Iquare  inches  was  in  running  out,  the  produdl 
is  4792,896. 

This  fourth  experiment  enables  us  to  difcover 
the  great  elf eft  of  the  impulfe  of  water  upon  a 


[  33  ] 


wheel,  when  applied  to  the  greateft  advantage.  In 
the  3d  experiment  the  water  being  fet  at  4  inches 
depth,  gave  the  wheel  the  velocity  of  6,28  feet  per 
fecond,  with  a  refiftance  of  36  ounces  at  the  axle: 
but  by  doubling  the  refiftance  to  72  ounces,  the 
water  rifes  to  double  the  depth  in  the  channel  to 
what  it  was  when  the  refiftance  was  36  ounces, 
and  the  column  of  water  flowing  upon  the  wheel 
is  4,24,  which  before  was  2,12  fquare  inches;  yet 
this  double  quantity  of  water  only  gives  the  wheel 
the  velocity  of  3,14  feet  per  fecond. — Example 
5th  :  by  increafing  the  depth  of  water  to  8  inches, 
the  column  of  water  gives  the  wheel  the  velocity 
of  6,28  feet  per  fecond,  with  a  refiftance  of  72 
ounces  at  the  axle;  yet  the  column  of  water  flow¬ 
ing  upon  the  wheel  is  only  4,24  fquare  inches. 
Hence  we  find  a  notable  difference  of  water  a  fl¬ 
ing  upon  wheels  under  different  circumftances. 
In  the  4th  experiment,  the  water  rifing  in  the 
channel  to  double  the  depth  it  was  before,  fupplies 
the  wheel  with  twice  the  quantity  of  water  in  the 
fame  time,  viz.  12  ounces;  and  as  12  ♦  1 : *.  72^6 
ounces.  This  12  ounces  power,  with  a  refiftance 
of  6  ounces,  gives  the  wheel  but  3,14  feet  per 
fecond ;  yet  by  doubling  the  depth  of  water  to  8 
inches,  the  fame  quantity  of  water  only  flows  upon 
the  wheel  in  the  fame  time,  yet  it  gives  the  wheel 
double  the  velocity.  As  the  quantity  of  water  in 
each  cafe  is  exaftly  the  fame,  it  is  manifeft  that 
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the  double  velocity  of  die  wheel  is  wholly  owing 
to  the  increafed  impulfe  of  the  water,  and  not  a 
jot  to  its  weight.  Hence  the  impulfe  of  water 
upon  wheels,  when  properly  applied,  is  far  greater 
than  any  author  feems  to  have  thought  of,  and 
therefore  makes  it  appear,  that  all  the  opinions  they 
have  fet  forth  of  water  afiting  upon  wheels,  are  not 
founded  in  truth. 


From  the  4th  and  5th  experiments,  we  are  en¬ 
abled  to  make  a  tolerable  eflimate  of  the  great 
impulfe  of  water  upon  wheels.  In  the  3d  experi¬ 
ment,  the  column  of  water  was  2,12  fquare  inches, 
the  weight  of  1  inch  in  length  is  1,226  ounces ; 
but  the  impulfe  and  weight  are  6  ounces,  and 
1,226  taken  from  6,  the  remainder  is  4,774  ounces 
the  impulfe  of  the  water,  which  is  above  ~  more 
than  the  weight :  and  if  we  take  2  inches  in  length 
the  impulfe  will  then  be  confiderably  more  than 
the  weight.  I  am  of  the  opinion,  that  in  the  3d 
experiment,  the  impulfe  is  ~  more  than  the  weight 
of  the  water ;  but  then  the  power  muft  be  to  the 
refiftance  as  2  to  1,  or  upwards;  elfe  this  great 
impulfe  will  not  take  place,  for  water  abls  upon 
wheels  very  differently  under  different  circum- 
fiances,  as  I  fhall  fhew  at  large  in  the  third  part. 
This  great  impulfe  of  water  will  fcarcely  meet  with 
credit ;  but  in  the  third  part  I  fhall  defcribe  the 
faw  mills  in  America,  which  are  moved  folely  by 
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the  impulfe  of  the  water ;  and  their  great  effefl 
will  corroborate  with  the  above,  and  abate  the 
wonder  which  this  may  excite. 

The  following  table  is  calculated  by  the  fore¬ 
going  rules,  deduced  from  experiments,  for  the 
benefit  of  thole  who  may  not  be  able  to  calculate. 


TABLE  III. 


Depth  in  feet. 

Dimenfions  of 
the  areas. 

The  impulfe 
&  wt.  of  water 
afling  upon  the 
wheels  in  lbs. 

Depth  in  feet. 

1 

Dimenfions  of 
the  areas. 

The  impulfe 
&  wt.  of  water 
afling  upon  the 
wheels  in  lbs. 

*  ...... 

1 

4  7* 

1 

<0 

95* 

2 

>> 

JOl 

95-  | 

2 

-Q 

190. 

3 

143- 

3 

CO 

285. 

4 

eD 

00 

4 

380. 

1 

68. 

1 

140. 

2 

_Q 

136. 

2 

286. 

3 

204. 

3 

00 

429. 

4 

272. 

4 

572- 

Note ,  by  doubling  the  depth,  or  areas,  the  num¬ 
ber  of  pounds  will  be  double :  or  by  dividing  any 
of  the' depths  or  areas,  the  number  of  pounds  will 
be  in  proportion  to  the  depths  or  areas  fo  divided. 

By  which  it  may  appear,  that  it  makes  no  difference 
whether  the  depth  or  area  be  doubled  ;  but  there 

i 

is  a  material  difference,  for  a  double  area  will  re¬ 
quire  twice  the  quantity  of  water  that  doubling 
the  depth  will  require.  *  0 


/ 


[  36  j 


f  It  appears  by  experimennts,  that  the  flowing  of 
water  through  apertures  of  different  depths,  is  in 
direct  proportion  to  the  depths  and  fquare  inches 
of  the  apertures :  but  the  velocity  or  length  of  the 

ti  '  s  V  ■ 

flowing  flream,  is  invariably  6,28  feet  per  fecond 
in  all  the  experiments ;  and  it  is  the  increafe  of 
the  column  of  water,  that  momentarily  flows 
through  the  apertures,  which  caufes  the  increafe 
of  the  quantity  according  to  increafing  depth,  or 

preffure  of  water  above  the  orifice.  - 

\ 

Although  I  affirm,  that  water  flows  out  at  an 
aperture  6,28  feet  per  fecond,  it  is  not  to  be  un- 
derffood  that  I  mean  the  column  of  water  flows  the 
length  of  6,28  feet  in  a  fecond  ;  but  that  the  velo- 
city  at  the  area  (viz.  1  inch  in  length)  flows  at  the 
rate  of  6,28  per  fecond.  For  as  ibon  as  it  quits 
the  opening  it  is  retarded,  both  by  the  refinance 
of  the  air,  and  its  natural  tendency  to  defcend  by 
its  weight,  according  to  the  laws  of  projeftiles. 
There  is  no  doubt  but  water,  like  all  other  pon¬ 
derous  bodies,  will  defcend  by  its  weight,  when  in 
free  fpace ;  but  this  is  not  the  cafe  of  water  acting 
upon  wheels. 

’ 

1 

It  is  proved  by  the  3d  experiment,  that  the  ve¬ 
locity  of  water  at  the  aperture  is  equal  to  the 
velocity  of  the  wheel,  which  is  6,28  feet  per  fecond, 
but  the  impulfe  and  weight  of  the  water  at  the 
horizontal  arm  of  the  wheel  continues  to  aft  upon 
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it  but  a  very  fmall  fpace  of  time ;  I  compute  it 
not  more  than  4-60  of  a  fecond,  as  I  fhall  make 
appear  by  the  following  datement,  in  experiment 
the  3d. — 4794  fquare  inches  of  water,  run  out  at 
an  aperture  3,45  fquare  inches  in  30  feconds,  the 
water  (landing  upon  a  level  at  4  inches  deep  before 
it  was  let  upon  the  wheel. — 4794  divided  by  30, 
the  quotient  is  159,8,  this  number  of  inches  carried 
the  wheel  once  round  in  a  fecond,  and  by  dividing 
159,8  by  75,36  the  number  of  inches  in  the  cir¬ 
cumference  of  the  wheel,  the  quotient  is  2,120475, 
the  area  of  the  dream  of  water  1  inch  in  length, 
at  the  aperture ;  and  by  multiplying  this  area  by  5 
the  produft  is  10,602275,  this  divided  by  1,728, 
the  weight  of  1  ounce  of  water,  the  quotient  is 
6,1  ounces,  a  little  above  twice  the  refidance. 

The  weight  at  the  axle  36  ounces,  and  the  power 
at  the  wheel  6  ounces,  the  radius  of  the  wheel  12 
inches,  and  the  radius  of  the  axle  1  inch,  the  pro¬ 
portion  is  as  1 ; 12 : ; 6*  72  ;  hence  the  power  is  to 
the  weight  as  2  to  1.  From  which  it  appears,  that 
the  area  of  the  flowing  water  afts  upon  the  wheel 
not  more  than  5  inches  in  length,  excludve  of  the 
impulfe,  which  mud  contribute  towards  turning 
the  wheel :  but  as  it  is  difficult  to  determine  how 
much  the  impulfe  may  amount  to,  we  may  with 
certainty  conclude,  the  weight  and  impulfe  con¬ 
jointly  did  not  aft  upon  the  wheel  more  than  5 
inches  in  length  of  the  area,  and  not  more  than 
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4-60  of  a  fecond  of  time.  The  reft  of  the  ex¬ 
periments  may  be  proved  by  the  fame  procefs. 

I  have  given  this  explanation  to  (hew  by  what 
means  I  account  for  water  flowing  out  at  aper¬ 
tures  6,28  feet  per  fecond;  and  any  one  may,  by 
the  fame  experiments,  find  that  what  I  advance  is 
fa&,  if  he  purfues  the  fame  procefs  that  I  was  ne- 
ceffitated  to  make  ufe  oft  viz.  what  may  be  called 
a  perpetual  fountain,  by  turning  a  17-gallon  cafk 
full  of  water  into  a  tub  of  the  fame,  to  fupply  the 
want  of  a  ft  re  am  or  body  of  water. 

Note ,  I  tried  experiments  with  final!  tubs,  in  the 
bottoms  of  which  were  holes,  and  found  that 
the  quantity  of  water  was  ftiort  of  the  foregoing 
experiments,  which  I  attributed  to  the  collateral 
and  various  direhlions  in  which  it  endeavoured 
to  arrive  at  the  opening,  as  it  thereby  caufed  a 
confufed  and  agitated  obftruhlion  in  its  paifage. 
But  in  the  foregoing  experiments  the  water  was 
confined  in  the  channel  to  the  width  of  the  area, 
fo  as  to  run  in  a  parallel  direftion  to  the  opening, 
and  to  flow  di re 6tly  through  it;  thereby,  in  fome 
meafure,  producing  the  effeft  of  water  palling 
through  a  fhort  tube,  viz.  an  acceleration  of  its 
motion,*  and,  I  prefume,  occafioning  the  difference 
in  quantity  of  the  tub  and  clofe  channel. 
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part  III. 


Of  conf  rutting  Wheel  Machines ‘  (3  c.  to  the  greatejl 
Advantage;  aljo  the  applying  Water  to  Wheels ; 
with  Rules  to  find  the  Power ,  Velocity ,  and  Effett 
of  Water  upon  Wheels ,  deduced  from  attual  Ex¬ 
periments 

9 

I  he  following  rules  are  deduced  from  the 
3d  and  4th  experiments,  in  the  fecond  part  ; 
where  it  is  proved,  that  when  the  moving  force  of 
the  water  is  equal  to  the  refilling  force,  the  wheel 
moves  with  the  velocity  of  3,14  feet  per  fecond; 
and  when  the  force  of  water  is  twice  the  refiling 
force,  the  wheel  moves  with  the  velocity  of  6,28 
feet  per  fecond,  I  find,  by  the  4th  experiment, 
that  when  the  natural  flowing  of  the  water,  at  4 
inches  depth,  by  the  3d  experiment,  viz.  2,12 
inches,  is  a  balance  to  the  72  ounces  in  the  4th 
experiment ;  and  if  the  weights  were  dead  weights, 
neither  would  preponderate  :  but  water  meeting 
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with  a  refiftance  that  exceeds  its  natural  weight 
and  impulfe,  collefls  till  it  overcomes  the  refi fi¬ 
ance  ;  as  was  the  cafe  in  the  4th  experiment,  in 
which  it  rofe  to  double  its  former  height,  and  gave 
the  refiftance  of  the  72  ounces  3,14  feet  velocity 
per  fecond  :  we  therefore  find  that  3,14  is  a  general 
mean  between  the  power  of  water  and  the  refift¬ 
ance,  viz.  by  dividing  the  power  by  the  refiftance, 
then  as  the  refiftance  is  to  3,14,  fo  is  the  power  to 
the  velocity :  thus  the  power  being  2,  and  the  re¬ 
fiftance  1,  then  as  1 1  2  ;  3,14:6,28  the  velocity; 
alfo,  as  2:6,28::  1:3,14s  and  as  1:3,14::  1:3,14; 
confequently  by  making  1  the  firft  term,  3,14  the 
fecond,  and  the  power  the  third,  the  fourth  pro¬ 
portional  will  be  the  velocity  of  the  wheel,  let  the 
power  and  refiftance  be  what  they  may.  The  fol¬ 
lowing  examples  will  make  it  plain  ;  and  will  not 
only  find  the  velocity  of  the  wheel,  but  alfo  the 
power  and  refiftance.  When  any  two  of  them 
are  given,  3,14  is  always  one  of  the  terms. 

Case  1. — The  moving  and  refilling  force  given 
to  find  the  velocity. — Rule  ;  multiply  the  power  by 
3,14,  and  divide  by  the  refilling  force  •  the  quo¬ 
tient  is  the  velocity. 

Example  lft  :  the  power  given  200,  and  refift¬ 
ance  100,  what  is  the  velocity?  As  100:3,14:: 
200:628  the  velocity. — Example.  2d:  the  power 
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given  ioo,  and  the  refiftance  80,  what  is  the  ve¬ 
locity  ?  As  80:  too::  3,14:3,92  the  velocity.— 
Example  3d :  the  power  given  300,  and  the  refift¬ 
ance  200, what  is  the  velocity?  As  200:300:;  3,14 
:4>7i  the  velocity  required. — By  this  rule  may  be 
found  the  power  and  refiftance  promifcuoufly  given. 

Case  2. — The  power  and  velocity  given  to  find 
the  refiftance. — Rule  ;  multiply  the  power  by  3,14, 
and  divide  by  the  velocity  ;  the  quotient  is  the  re¬ 
filling  force. 

Exaynple  lft:  the  power  given  100,  and  the  ve¬ 
locity  5,  what  is  the  refiftance?  As  5:3,14:; 
100:62,8  the  refiftance. — Exaviple  2d:  the  power 
given  150,  and  the  velocity  7,  what  is  the  refift¬ 
ance  ?  As  7:3,14: ;  150:67,85  the  refiftance.- — - 
Example  3d:  the  power  given  200,  and  the  ve¬ 
locity  9,  what  is  the  refiftance?  As  9:3,14:; 
200:69,777  the  refiftance. — Example  4th:  the 
power  given  90,  and  the  velocity  4,  what  is  the 
refiftance?  As  4:3,14::  90:70 ,65  the  refiftance. 
— Example  5th  :  the  power  given  400,  and  the 
velocity  6,28,  what  is  the  refiftance  ?  As  6,28: 
3,14::  400:200. 

r  r  *  r 

Case  3.— The  velocity  and  weight,  or  refift¬ 
ance,  given  to  find  the  power. — Rule;  as  3,14  is 
to  the  velocity,  fo  is  the  refiftance  to  the  power. 


c 
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Example  lift:  the  refinance  given  150,  and  the 
velocity  4,71,  what  is  the  power?  As  3,14:4/71 
:i  150*225  the  power  .—  Example  2d:  the  weight 
given  50,  and  the  velocity  5,  what  is  the  power  ? 
As  3,14*5:  *.  50:79,966  the  power. — Example  3d: 
the  weight  given  100,  and  the  velocity  1,57,  what 
is  the  power  ?  As  3, 14  ♦  1,57 : :  100 : 50  the  power. 
Example  4th :  the  weight  given  40,  and  the  ve¬ 
locity  6 ,  what  is  the  power?  As  3,14*6: :  40: 
76,43  the  power. 

We  may  obferve  that  3,14  is  the  general  mean 
proportional  between  the  refilling  force  and  mov¬ 
ing  force ;  and  by  dividing  any  power  by  the  re¬ 
finance,  the  difference  is  the  firft  term,  3,14  the 
fecond,  and  the  power  the  third ;  the  fourth  pro¬ 
portional  is  the  velocity. 

Example ;  fuppofe  the  power  200,  and  the  re- 
fiftance  100 ;  here  the  proportion  is  as  2  to  1 ; 
then  as  1 : 3,14: :  2 *6,28  the  velocity.  Let  the 
power  be  150,  and  the  refiftance  100 ;  here  the 
proportion  is  as  1  to  1,5;  and  as  1*3,14::  1,5*4,71 
the  velocity. 

From  which  we  deduce  a  general  rule  to  find 
the  velocity  of  any  propofed  power  of  water  ail¬ 
ing  upon  wheels ;  for  as  1  is  the  firft  term  of  the 
proportion,  by  multiplying  the  given  or  propofed 
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power  by  3,14,  the  product  will  be  the  velocity  : 
by  which  the  following  table  is  calculated,  increaf- 
ing  by  one-fourths. 


TABLE  IV. 
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<u 
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O 
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< 

*>75 
2,00  — . 

5>492 

6,280 

4-> 

C/D 

< 

3)75 

L  4,00  _> 

1  r>775 

L  12,560 

By  making  the  maximum  the  frit  term  in  the 
proportion,  its  velocity  the  fecond,  and  the  refill¬ 
ing  force  the  third,  the  refult  will  be  the  fame. 
Thus,  as  2  the  power  is  to  6,28  its  velocity,  fo  is 
any  other  power  to  its  velocity.  As  2^6,28;  1,25 
*,785  the  velocity;  as  2  ♦  6,28 :  ‘  1  ♦  3,14  ;  as  2 ♦ 
6,28:*.  1,5 1 4,7 1  the  velocity.  But  by  making  1 
the  general  refiltance,  we  need  only  multiply  the 
powers  by  3,14,  and  the  product  is  the  velocity  ; 
which  is  a  much  fhorter  procefs. 

Thus  we  can  calculate  velocity  to  any  extent 
we  pleafe ;  but  we  can  carry  it  to  no  great  length 
in  pra&ice,  becaufe  the  laws  of  nature  prevent  it. 
The  fri£lion  on  the  centre,  and  the  refi  fiance  of 
the  air  at  the  circumference,  both  increafe  with 
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the  velocity;  fo  that  velocity  is  the  caufe  of  its 
own  limitation,  and  not  the  laws  of  falling  bodies, 
as  is  generally  fuppofed.  A  power  of  6  to  i  of 
refiftance,  the  velocity  would  be  18,84  feet  per 
fecond  :  and  a  power  of  8  to  1  refiftance,  the  ve¬ 
locity  would  be  25,12,  if  not  prevented  by  the 
above-mentioned  impediments.  But  our  reafon 
tells  us,  fuch  violent  velocities  are  impracticable ; 
and  if  they  were  practicable,  the  friCtion  at  the 
centre  would  let  the  machine  on  fire. 

From  the  foregoing  table  of  the  action  of  water 
upon  wheels,  we  may  draw  deductions  of  the  ut- 
'  molt  importance.  The  firft  and  moft  material  ob- 
fervation  is,  that  when  the  power  is  to  the  refift¬ 
ance  as  2  to  1,  and  the  velocity  6,28,  the  water 
aCts  upon  the,  wheels  to  the  greateft  advantage  pof~ 
iible ;  and  may  be  called  the  maximum  of  water 
thus  aCting,  as  in  faCt  it  is:  but  this  will  not  be  the 
cafe  except  under  particular  circumftances. 

Mechanics,  I  fuppofe,  will  conclude,  that  when 
water  is  let  upon  the  wheel  of  double  the  weight 
of  refiftance,  the  wheel  will  acquire  this  velocity 
of  6,28  feet  per  fecond.  This  fuppofition  feems 
to  miflead  all  mechanics,  as  it  has  heretofore 
xnyfelf;  but  water  will  not  produce  this  velocity 
except  under  certain  circumftances.  The  4th  ex¬ 
periment  proves,  that  double  the  weight  of  water 
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In  that  cafe,  only  gives  the  wheel  the  velocity  of 
3,14  feet  per  fecond;  but  by  doubling  the  depth 
of  water,  the  fame  weight  of  water  gave  the  wheel 
6,28  feet  per  fecond:  hence  it  is  not  the  weight, 
but  the  impulfe  of  the  water,  which  principally 
governs  the  velocity  of  the  wheel. 

But  the  great  advantage  of  the  impulfe  of  water 
will  not  take  place,  unlefs  the  depth  and  column 
of  water  be  particularly  adapted  to  bring  about 
the  maximum  ;  for  it  is  limitted  to  certain  circum- 
fiances.  When  the  power  of  water  is  to  the  re¬ 
filling  force  as  2  to  1,  and  the  velocity  is  6,28  feet 
per  fecond,  we  have  a  particular  right  to  call  it  the 
maximum,  from  its  fuperior  advantages  to  all  the 
other  proportions  and  velocities  in  the  table,  under 
or  lefs  than  the  maximum ;  all  of  which  will  re¬ 
quire  more  water  per  fecond  to  procure  their  ve¬ 
locities  than  the  maximum,  although  the  fame  re- 
fiflance  is  oppofed  to  each. 

The  bed  informed  mechanics  generally  con¬ 
clude,  that  the  maximum  of  water  a6ling  upon 
wheels,  is  when  the  wheel  moves  with  one-third  of 
the  velocity  of  the  flowing  water,  and  the  power 
is  to  the  refiflance  as  9  to  4;  then  they  conclude 
the  machine  is  in  the  greatefl  perfection. 

That  they  are  generally  miflaken,  I  can  prove 
by  experiments,  which  I  have  repeatedly  done. 
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By  the  impulfe  and  weight  of  water  being  as  2  to  1 
of  the  refinance,  and  the  power  being  9  to  4,  the 
proportion  is  as  2,25  to  1;  therefore  as  2^6,28;: 
2,25 t 7,065  feet  the  velocity.  This  I  can  prove  by 
experiment,  by  adjufting  the  water  fo  as  to  have 
the  greateft  effect  upon  the  wheel ;  I  believe  I  can 
alio  order  it  fo,  that  the  fame  ft  ream  and  area  which 
caufed  the  velocity  of  7,065  feet  per  fecond,  fhail 
only  have  the  velocity  of  2,093  feet  per  fecond, 
although  the  weight  of  water  (ball  be  in  this  cafe 
about  three  times  as  much  as  when  the  velocity 
was  7,065  feet  per  fecond.  This  will  be  looked 
upon  as  a  paradox,  and  will  fcarcely  be  credited ; 
but  the  great  variety  of  the  flowing  of  water 
through  areas  from  different  heighths,  and  effefifs 
upon  wheels,  will  afford  feveral  caufes  as  ftrange 
as  the  above,  which  former  authors  feem  to  have 
had  no  idea  of,  and  I  have  therefore  a.  juft  right 
to  the  fir  ft  difcovery. 

From  the  3d  experiment  we  may  find  the  pro¬ 
portion  of  the  impulfe  to  the  weight  of  water  act¬ 
ing  upon  wheels,  when  the  effefil  is  a  maximum. 
The  area  e>r  ftream  of  flowing  water  was  there 
2,12049,  and  the  impulfe  and  weight  conjointly 
was  10,368  fquare  inches,  equal  to  6  ounces  in 
weight,  afling  upon  the  wheel ;  and  the  weight  of 
2,12049  inches  of  water  is  1,227  ounce,  and  1,227 
taken  from  6  ounces,  the  remainder  is  4,773 
ounces  the  impulfe ;  by  which  it  appears  the  im- 
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pulfe  is  to  the  weight  of  water  afting  upon  the 
wheel  nearly  as  4  to  1. 

By  infpecling  Table  ’IV,  we  may  obferve,  that 
by  receding  from  the  maximum  of  6,28  velocity, 
we  gradually  lofe  velocity  ;  and  when  we  come  to 
3,14  the  water  accumulates  in  the  channel  to  twice 
the  depth  it  was  at  when  the  velocity  was  6,28; 
and  although  the  water  fupplied  the  wheel  with 
double  the  weight  of  the  refinance,  it  only  gave 
the  wheel  the  velocity  of  3.14  feet  per  fecond  : 
here  it  is  evident  that  half  the  impuife  is  loft,  and 
double  the  weight  of  water  inftead  thereof: — and 
at  ,785  velocity  we  lofe  nearly  the  whole  of  the 
impuife,  and  in  its  place  four  times  the  quantity  of 
water;  and  as  water  has  but  about  one-fourth 
the  power  of  impuife,  the  lofs  of  velocity  is 
obvious. 

Here  we  difcover  a  notable  difference  between 
a  power  of  water  and  other  powers :  with  the 
wheel  and  axle  we  gain  weight  to  compenfate  the 
lofs  of  velocity ;  but  in  the  table  we  difcover,  by 
receding  from  the  maximum  we  exchange  impuife 

for  water,  which  has  not  more  than  one-fourth  of 

1  w  $ 

the  power  of  impuife,  when  applied  to  the  greateft  j 
advantage. 

Note,  when  the  velocity  of  wheels  is  6,28  feet 
per  fecond,  it  appears,  by  all  the  experiments  J 
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have  made,  that  the  flowing  water  and  the  wheel 
have  exa&ly  the  fame  velocity;  and  I  believe  I 
could,  with  a  convenient  fituation  of  water,  fo  order 
it  that  the  fame  dream  of  water  and  area  fhould  pro- 
duce  all  the  velocities  contained  in  Table  IV.  under 
6,28.  In  fhort,  I  find  fuch  a  variety  in  the  effects  of 
water  upon  wheels,  as  is  fufficient  to  excite  won¬ 
der,  and  is  fcarceiy  creditable,*  but  as  the  work  is 
put  to  prefs  I  mud  hade  to  finidi  what  I  have 
further  to  add. 

,  * 

\  , 

The  Utility  of  Tables  III.  and  IV. 

The  ingenious  mechanic,  before  he  fets  about 
condrudling  a  machine,  ought  to  fix  or  determine, 
as  near  as  he  can,  the  velocity  neceflary,  according 
to  the  life  it  is  intended  for ;  and  he  ought  alfo  to 
confider  what  refidance  the  machine  will  give, 
that  he  may  proportion  the  power  accordingly. 
Suppofe  he  would  have  his  machine  to  move  with 
the  velocity  of  6,28  feet  per  fecond,  look  in  the 
table  (No.  III.)  for  the  number  of  pounds  he 
may  judge  proper  for  his  power,  fuppofe  285  ;  in 
the  lad  column  of  the  table,  and  in  the  next  column,, 
to  the  left,  is  48  inches  by  9  for  the  area ;  and  in 
the  column  under  depth  in  feet,  he  will  find  the 
number  3  for  the  depth;  then  take  half  286=143 
for  the  redding  force,  which  is  as  1  to  2 this 
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depth  and  area  will  give  the  machine  the  velocity 
of  6,28  feet  per  fecond, abating  for  friflion,  which 
in  general  is  not  near  fo  much  as  is  imagined; 
mechanics  find  many  ways  to  caufe  refiftance,  ex- 
clufive  of  fri&ion,  Sc c. 

Suppofe  the  mechanic  would  have  his  machine 
move  with  4,71  feet  per  fecond,  then  the  power  to 
the  refiftance  muft  be  as  1,5  to  1 ;  let  the  fame 
power  286  be  the  number  of  pounds,  then  the 
depth  and  area  will  be  the  fame;  and  as  1*  1,5:1 
286^190  the  refilling  force :  the  moving  force  to 
the  refifting  force  is  as  286  to  19O;  the  depth  2 
feet  and  area  48  inches  by  9  will  give  the  machine 
the  velocity  of  4,71  feet  per  fecond. 

Suppofe  the  velocity  3,14  feet  per  fecond,  the 
depth,  power,  and  area  the  fame.  In  Table  IV. 
over  againft  3,14  is  as  1  is  to  1,  which  fhews  the 
moving  and  refifting  force  to  be  equal,  or  a  balance 
to  each  other  ;  therefore  286  power,  and  the  fame 
refiftance,  will  have  the  velocity  of  3,14  feet  per 
fecond,  and  all  thefe  three  different  velocities  have 
the  fame  depth  and  area.  Therefore  by  fixing 
upon  any  velocity  in  Table  IV.  the  proportion  of 
the  power  to  1,  the  general  refiftance  in  the  table, 

is  fhewn  at  the  left  hand,  over  againft  the  velocity; 

) 

and  I  have  fhewn  above  how  to  proceed  with  any 

H 
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velocity,  and  the  proportion,  power,  and  refinance,, 
correfponding  thereto. 

V  .  .  .  .  . 

V  '  i  ■  -  ■  t"  4  '  ■"  ■ 

Note,  the  foregoing  rules  and  obfervations  will 
not  apply  to  any  machines  but  thofe  con  dr u Bed 
with  balance  wheels.  Sec. 

;  .  -  ,  i  X  •  .  1  • 
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To  apply  Water  to  Wheels  to  the  great? ft  Advantage* 

Fix  the  centre  of  the  wheel  16  or  18  inches 
below  the  bottom  of  the  channel"  which  conveys 
the  water  to  the  wheel,  the  channel  to  be  the  width 
of  the  infide  rim  of  the  wheel,  and  depth  in  pro¬ 
portion  to  the  quantity  of  water  it  has  to  convey. 

Let  the  bottom  of  the  channel  have  an  opening 
next  the  wheel,  as  wide  as  the  wheel,  and  6,  8,  or 
10  inches  broad,  more  or  lefs,  as  the  cafe  may  re^. 
quire;  let  a  board  be  fixed  from  top  to  bottom  of 
the  channel,  next  the  wheel,  and  clofe  to  it;  this 
board  will  be  on  one  fide,  next  the  wheel,  of  the 
fquare  opening  for  the  water  to  flow  through,  and 
muft  incline  a  little  to  direfl  the  water  to  ftrike 
the  float-boards  in  the  middle,  as  near  as  mav  be 
at  the  horizontal  arfh  of  the  wheel ;  let  the  floats 
be  15  or  16  inches  apart,  and  pointing  to  the 
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centre  of  the  wheel,  which  will  be  of  more  ad¬ 
vantage  than  if  they  inclined  to  the  wheel,  becaufe 
then  the  water  would  (trike  them  more  oblique. 

The  mechanic  is  to  obferve,  the  whole  intention 
of  this  contrivance  is  to  direft  the  water  to  (trike 
the  floats  as  near  as  may  be  at  right  angles,  at  the 
horizontal  arm  of  the  wheel,  by  which  the  water 
will  have  the  greated  advantage  podible. 


K)J  the  Size  of  Wheels  >  &c. 

I  presume  why  large  wheels  (fill  prevail,  is  by 
fuppofing  that  the  greater  weight  of  water  upon 
the  wheel  the  greater  power;  this  is  proved  by 
the  foregoing  experiments  not  to  be  the  cafe,  and 
that  a  bread;  wheel,  and  the  water  applied  to  the 
greated  advantage,  will  have  nearly  double  the 
power  of  any  over-fhot  wheel,  with  equal  advan¬ 
tage  of  water.  Another  reafon  why  large  wheels 
prevail  is  by  fuppofing,that  by  lengthening  the  lever 
we  gain  power :  this  is  alfo  vague  and  imaginary ; 
and  is  what  mifleads  both  mechanics  and  mankind 
in  general.  Levers  can  never  be  introduced  into  a 
train  of  wheels  but  to  difadvantage  ;  their  whole 
adlion,  as  a  mechanic  power**  proceeds  from  their 
being  artificial  balances,  and  whatever  weight  is 


gained  thereby,  an  exadt  equivalent  in  velocity  is 
loft;  and  velocity  is  the  moft  eflential  thing  to  be 
regarded  in  wheel  machines:  hence  levers  ought 
to  be  excluded  from  wheel  machines  as  much 
as  poffible. 

As  the  weight  of  water  in  the  buckets  may  be 
proved  of  no  ufe,  when  the  velocity  is  3,14  and 
upwards ;  nor  the  fuppofed  advantage  of  the  gra¬ 
vitating  force  of  the  water  pafling  through  the  half¬ 
circumference  of  the  wheel,  nor  the  lengthening 
of  the  radiufes  of  the  wheels,  is  of  any  advantage  ; 
it  is  evident  that  large  wheels  only  add  weight 
and  fridtion,  without  giving  any  additional  power : 

|  therefore  it  is  clear  we  gain  advantage  by  contradt- 
ing  the  wheels  of  machines,  as  much  as  the  cafe 
will  admit ;  as  the  effect  of  wheels  depend  not 

si 

_upon  their  fize,  but  their  proportion,  & c.  This 
contraction  depends  much  on  the  power  to  be  ap¬ 
plied  :  if  a  man’s  ftrength,  it  admits  of  the  greateft 
contraction,  for  he  may  exert  his  ftrength  to  the 
utmoft  advantage,  by  turning  a  12-inch  handle: 
if  the  power  is  a  horfe,  we  cannot  apply  his  ftrength 
but  to  the  greateft  difadvantage,  becaufe  he  re¬ 
quires  fo  great  a  circle  to  walk  round:  if  a  power 
of  water,  the  wheels  may  be  2,  3,  4,  or  5  feet  ra¬ 
dius,  according  to  the  refiftance.  But  I  believe  a 
four-feet  radius  wheel  is  large  enough  for  any  pur- 
pofe  whatever;  a  two-feet  radius  wheel  may  do  in 
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many  cafes,  when  the  refinance  is  not  great  $  and 
a  three-feet  radius  wheel  is  fufficient  for  a  mill  to 
grind  corn  with  one  pair  of  ftones.  In  all  cafes 
we  fhould  be  careful  to  proportion  the  run  of  the 
wheel  to  the  required  quanthy  of  water. 

By  fmall  wheels  we  gain  many  advantages,  as 
they  require  lefs  timber,  lefs  labour,  are  ftronger, 
and,  above  all,  the  convenience  of  erefling  a  mill 
in  almoft  any  (ituation,  as  they  require  but  a  fmall 
fall;  whereas  large  over-fhot  wheels  can  only  be 
ere£ted  where  there  is  a  great  fall,  and  are  often 
attended  with  a  heavy  expence,  and  confider- 
able  labour. 

As  to  the  proportioning  of  wheels  I  have  no¬ 
thing  to  add,  as  I  have  all  along  endeavoured  to 
inculcate, -that  a  water  and  cog  wheel  of  equal  ra- 
diufes  and  a  one-foot  trundle,  is  the  greateft  ad¬ 
vantage  that  the  laws  of  the  mechanic  powers  will 
admit  of ;  as  the  power  is  conveyed  from  the 
water  wheel  to  the  refinance  at  the  trundle,  with¬ 
out  abatement,  except  the  friQion ;  and  if  the 
refinance  acts  at  the  fame  diftance  from  the  centre 
with  the  trundle,  viz.  1  foot  radius,  the  power 
and  refiftance  will  be  equal,  or  a  balance  to  each 
other.  But  this  may  feldom  or  never  be  exa&ly 
the  cale  ;  and  if  the  refiftance  be  more  than  1  foot 
from  the  centre,  it  will  aft  as  a  lever  againft  the 
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power.  For  example;  in  a  mill  to  grind  corn* 

the  corn  gives  no  refiftance  at  the  centre,  but  in- 

creafes  all  the  way  to  the  circumference  ;  hence 

we  cannot  take  the  mean  refiftance  at  lefs  than 

two-thirds  the  radius  of  the  ftone  ;  this  conftitutes 

a  lever  againft  the  trundle  ;  and  if  the  mill  ftone 

is  5  feet  diameter,  the  refiftance  againft  the  trundle 

will  be  as  20  to  12  ;  yet  we  cannot  make  the 

trundle  larger  or  fmaller,  to  gain  any  advantage  : 

fuppofe  we  make  it  20  inches  radius,  the  power  and 

refiftance  will  be  a  balance;  but  to  carry  the  mil! 

ftone  once  round  in  a  fecond,  the  velocity  of  the 

*  * 

wheels  muft  be  10,416  feet  in  a  fecond  ;  for  as 
1 2 ♦  20 ! :  6,28:1 0,4 1 6  :  on  the  other  hand,  if  we 
leffen  the  trundle  to  6  inches,  it  will  increafe  the 
refiftance  double;  and,  although  3,14  feet  per 
fecond  will  move  the  mill  ftone  once  round  in  a 
fecond,  yet  it  requires  tv  ice  the  quantity  of  water, 
as  is  proved  by  the  4th  experiment.  Hence  a 
one-foot  radius  wheel  or  trundle,  is  tire  maximum 
of  wheel  machines.  In  Table  IV.  all  the  pro^ 
portions  of  the  powers  and  refinances  a£l  at  equal 
di fiances  from  the  centre,  confequently  a  balance 
to  each  other ;  but  in  this  cafe  of  the  mill  ftone 
giving  a  refiftance  as  20  to  12,  the  lever  caufes  a 
great  difadvantage ;  fuppofe  the  power  200 lb.  and 
the  refiftance  100  lb.  if  the  power  and  the  refift¬ 
ance  afled  at  equal  diftances  from  the  centre,  the 
200  lb.  power  would  give  the  velocity  df  6,28  fee 
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per  fecond,  with  the  loolb.  refiflance.  But  as 
20*  1 2 6,28;  3,76$  the  velocity  that  200  lb.  will 
give  when  the  refiflance  is  as  20  to  12;  yet  the 
velocity  required  is  6,28,  therefore  as  3,768^6,28 
: :  200:331  lb.  the  power  required  to  give  6, 28 
feet  per  fecond,  when  the  refiflaaice  is  as  20  to  12; 
and  fo  for  any  other  power  and  refiflance. 

The  dcfcription  of  a  faw-mill  wheel  in  Ame¬ 
rica,  which  is  moved  wholly  by  the  impulfe  of  the 
water,  will  abate  the  wonder  that  the  great  impulfe 
I  have  given  to  water,  may  excite  in  the  learned 
mechanic. — This  faw-mill  was  near  to  where  I 
lived  feveral  years,  and  which  I  have  often  con¬ 
templated  with  admiration,  confidering  its  fimple- 
nefs  and  great  effe£l.  The  wheel  was  about  2  feet 
radius,  and  its  width  4  feet ;  the  water  flowed  upon 
it  from  the  heighth  of  5  or  6  feet  above  the  wheel, 
from  a  large  refervoir ;  the  float-boards  were  about 
9  or  10  inches  wide,  all  pointing  to  the  centre  ;  the 
middle  of  the  wheel  quite  open,  and  had  nO 
buckets ;  the  crank  which  worked  the  faw,  wras 
the  fame  radius  as  the  whgel,  confequently  a  ba¬ 
lance  ;  the  frame  of  the  faw  moved  up  and  down 
in  a  frame,  without  any  rollers  to  eafe  the  rubbing? 
the  logs  to  be  fawed  were  confined  to  a  frame 
which  dragged  along  the  floor,  fome  of  which 
were  16  or  20  feet  long,  and  12  or  14  inches 
fquare:  with  all  this  refiflance,  this  little  four-feet 
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diameter  wheel  moved  with  the  velocity  of  7  or  8 
feet  per  fecond,  which  was  caufed  by  the  momen¬ 
tary  impulfe  of  the  water ;  for  as  foon  as  it  had 
(track  the  wheel  it  flew  off  in  a  thoufand  direc« 
tions.  The  aftion  of  water  upon  this  faw-mii! 
wheel  is  a  clear  demonftration,  that  the  advantage 
fuppofed  to  be  obtained  by  the  weight  of  water  in 
the  buckets  of  wheels,  is  quite  a  delation,  as  I  have 
diffidently  made  manifeft  in  my  experiments. 

I  ffiall  now  give  a  defcription  of  a  corn  mill, 
faid  to  be  the  belt  in  the  kingdom  :  we  may  with 
truth  fay  it  is  the  be  ft  fkuation  in  the  kingdom  ; 
as  any  thing  which  can  be  obtained  by  the  power 
of  water,  may  be  accompliffied  in  this  place.  This 
mill  is  at  the  feat  of  Lord  Ducie  Mortons,  in 
Gloucefterffiire :  it  is  fupplied  with  water  from  a 
large  fiffi  pond,  which  covers  feveral  acres  of 
ground;  the  defcent  or  fall  cannot  be  lefs  than  50 
feet  perpendicular ;  the  water  wheel  is  32  feet  dL 
ameter,  and  the  cog  wheel  16,  which  turns  a  fmall 
wheel  about  4  feet  diameter,  on  a  vertical  axle,  upon 
which  is  a  fpur  wheel  12  feet  diameter,  which 
turns  the  three  trundles.  The  water  wheel  is  an 
over-fhot  one,  and  the  water  flows  upon  it  i6  feet 
below  the  furface  of  the  pond  :  the  trundles  we 
will  fuppofe  2  feet  diameter,  as  that  fize  is  the  moft 
advantageous. 
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Firft,  we  may  obferve,  the  water  wheel  being 
twice  the  radius  of  the  cog  wheel,  we  lofe  half  the 
velocity.  With  balance  wheels,  fuppofe  the  ppwer 
400  lb.  and  the  refiftance  of  the  corn  20olb.  the 
proportion  will  be  as  200: 3,14: :  400:6,28  the 
maximum  ;  but  here  the  velocity  of  the  cog  wheel 
will  be  3,14  when  the  water  wheel  moves  with  the 
velocity  of  6,28  feet  per  fecond ;  therefore  the 
wheel  mull  move  12,56  feet,  to  give  the  velocity 
of  6,28  to  the  cog  wheel:  this  cannot  be  accom- 
plifhed  by  any  other  means  than  by  doubling  the 
power;  this  I  am  confident  is  fa6l,  fee  Table  IV. 
3,14  velocity,  and  the  explanation.  This  is  one 
of  the  greateft  myfteries  in  mechanics,  and  ought 
to  be  determined  by  experiments;  if  it  is  found 
to  be  faCl  (which  I  have  no  doubt  of,)  it  leads 
mechanics  in  general  into  error.  I  fuppofe  this 
lofs  of  velocity  in  this  mill,  is  intended  to  be  re¬ 
gained  by  the  proportion  of  the  fmall  wheel  on 
the  upright  axle  which  the  cog  wheel  turns,  to  the 
fpur  wheel  which  turns  the  trundles  (here  the  re¬ 
medy  is  worfe  than  the  difeafe),  the  fmall  wheel 
being  in  proportion  to  the  fpur  wheel  as  1  to  3^  it 
requires  three  times  the  power,  and  upwards,  to 
move  the  refiftance  at  the  trundles.  Hence  this 
train  of  wheels  requires  three  or  four  times  the 
power  of  the  balance  wheels  to  equal  their  effeft. 
Had  the  cog  and  water  wheel  been  of  the  fame 
diameters,  and  the  trundles  2  feet  diameter,  and 
a  wheel  of  any  convenient  diameter  upon  an 
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right  axle,  with  a  double  fet  of  cogs,  one  fet  for 
the  cog  wheel  to  turn  it,  the  other  to  turn  the 
trundles;  or  if  this  was  not  convenient, two  wheels 
might  have  been  upon  the  upright  axle.  With 
fuch  a  train  of  wheels,  the  power  at  the  water 
wheel  would  have  been  conveyed  to  the  trundles 
without  any  abatement  (except  friftion),  and  would 
have  met  the  refiilance  of  the  corn  at  the  trundles 
with  its  full  force. 

I  make  no  doubt  but  I  could  direfl  the  con- 
ftrUdlion  of  three  corn  mills  in  that  fituation,  one 
above  another,  all  to  be  moved  by  the  fame 
bream,  and  each  of  them  to  have  nearly,  if  not 
quite,  as  great  an  effedt  as  the  prefent  enormous 
load  of  wheels. 

I  here  prefent  the  public  a  new  doctrine  of  me¬ 
chanics,  more  efpecially  the  extenfive  and  various 
effedls  of  water,  which  differs  much  from  the  ge¬ 
neral  opinion  of  all  the  learned  mechanics  who 
have  treated  on  the  fubjedL  So  different,  that  it 
fcarcely  will  be  credited;  but  I  beg  the  public  not 
to  cenfure  it  too  haflily,  without  proper  examina¬ 
tion : — fa£ls  which  may  be  proved  by  experiment, 
are  not  to  be  overturned  by  conjedfore* 

I  have  difcovered  the  true  means  to  eftabliih 
a  fybem  of  the  various  effects  of  water;  but  to 
extend  it  to  the  iitmoil  of  its  ufefulnefs,  more  ex- 
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periments  are  neceffary,  which  it  is  out  of  my 
power,  in  my  prefent  lituation,  to  execute,  for 
want  of  a  body  or  ftream  of  water  proper  for  the 
purpofe.  It  would  complete  the  utmoft  of  my 
wifhes,  for  the  fmall  remainder  of  my  life  (which 
I  cannot  expe6t  to  be  long)  to  refide  in  a  lituation 
where  a  proper  ftream  of  water  might  be  had  for 
experiments,  which  I  think  neceffary  to  complete 
a  true  fyftem  of  water;  which  I  look  upon  as  a 
mo  ft  extenftve  and  ufeful  power,  far  exceeding 
dead  weights,  the  ftrength  of  men  or  animals. 
But  I  have  nQ  profpeft  of  its  being  in  my  power 
to  choofe  fuch  a  lituation,  although  it  might  benefit 
the  public  more  than  myfelf,  by  the  ufeful  difco- 
veries  I  might  make. 

In  my  prefent  lituation,  what  improvements  I 
may  make  I  will  communicate  them  to  the  world, 
if  my  life  is  prolonged  to  publifh  a  fecond  edition; 
therefore,  I  lhall  conclude  with  the  fame  opinion 
I  fet  out  with, — that  the  laws  of  mechanics  are  the- 
leaf  underfood  of  any  ufeful  branch  of  fcience 
whatever . 
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